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Cornstarch is the most important product produced from corn 
(Zea mays L.) by the wet-process milling industry. During the five-year 
period 1936-40, production averaged in excess of 900 million pounds per 
year exclusive of the cornstarch which is converted into dextrose, syrup, 
or dextrines. Domestic starches produced from materials other than corn 
averaged about 20 million pounds per year. In addition to this supply of 
domestic starch the United States, during this same period, imported, 
duty free, about 350 million pounds of tapioca and sago starch. "The 
annual consumption of 350 million pounds of tapioca in the world's largest 
cornstarch producing country may be attributed to two factors, price 
differential and the properties of the starch itself." (12) 
Prior to World War II, most of the tapioca was imported from the 
Netherlands Indies, where labor is cheap and cassava tapioca (Manihot 
esculenta Crantz) produces large yields. Tapioca has been imported 
largely as tapioca flour, usually of poor quality, and is extracted after its 
arrival. From 1929 to 1939 the price of this low grade tapioca has averaged 
about one cent less per pound than that of cornstarch. 
The quantities of tapioca required annually in the United States for 
special uses for which most other starches are not satisfactory have been 
estimated variously, from as low as 15 million pounds to as high as 200 
million pounds. 
Soon after the onset of World War II, tapioca importations dropped 
to practically nothing. In looking for tapioca substitutes it was shown 
that the starch from waxy corn had promising possibilities. As work pro-
gressed it became apparent that waxy cornstarch, while quite acceptable 
as a tapioca substitute, also had properties which enabled it to meet certain 
industrial requirements even better than high-grade tapioca starch. The 
chemical and genetic research with waxy corn and the history of its 
commercial expansion during the war years are reviewed briefly on the 
following pages. 
A Presbyterian missionary in China, Rev. J. M. W. Farnham, 
----
1 Journal Paper No. J-968 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project 616. 
' Senior Agronomist and Principal Agronomist in charge of corn investigations, 
respectively, Division of Cereal Crops and Diseases; Collaborators, Agronomy Sec-
tion, Farm Crops Subsection, Iowa Agricultural Experiment Station. 
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observed an unusual type of corn prior to 1908. This type was recognized 
by the Chinese as having unusual characteristics and they had made some 
effort to propagate it in a pure condition. A sample of this corn was 
received from Reverend Farnham by the Office of Foreign Plant Intro-
duction in March, 1908, and G. N. Collins made crosses to study its 
inheritance. The first report was published in 1909 (9) and the name 
"waxy" was suggested as being descriptive of its unusual endosperm 
texture. This and later reports (10,13) established that the gene condi-
tioning waxy endosperm was inherited as a simple recessive. Following 
these early reports, the waxy gene wx has been used extensively in 
genetic studies. 
Seven mutations from dent or flint endosperm types to waxy endos-
perm have been reported (1,2,4,5,15). Only one of these mutations 
resulted in the production of a new allel (2). The effect of this allel on 
starch properties will be discussed later. 
In 1922 Weatherwax (17) and again in 1924 Brink and McGillivray 
(8) and Demerec (11) reported that waxy starch stained red or reddish 
brown with iodine, whereas ordinary starch stained a blue-black under 
similar conditions. Because of this staining property the starch was con-
sidered for a time to be an erythrodextrin. More recently it has been 
shown not to be a dextrin but amylopectin, a true starch. 
Longley (14) also reported in 1924 that the waxy gene expresses 
itself in the pollen. Thus, in a heterozygous plant (Wx wx) approximately 
half of the pollen grains are red staining and half blue staining. The 
identification of heterozygous plants at the time of pollination by means 
of this differential staining has been an important factor in simplifying 
breeding operations. 
In 1926, Brink (7) presented evidence that the starch from waxy 
corn differed in composition from common cornstarch. At that time 
starch chemistry had not progressed sufficiently to indicate the real 
difference between waxy cornstarch and common cornstarch. · 
In 1936, Dr. R. M. Hixon of the Plant Chemistry Department of 
Iowa State College milled experimentally one bushel quantities of dent, 
flint, pop, flour, sweet, and waxy corn. The amounts of starch obtained 
from the first five named types differed widely, but after the starch had 
been extracted was found to have similar chemical properties. The starch 
from the waxy corn, however, exhibited quite different physical and 
chemical properties. Waxy cornstarch pastes have higher viscosity and 
lesser rigidity than ordinary cornstarch pastes, and the shapes of the 
gelatinization curves differ for these two kinds of pastes. These properties 
of waxy cornstarch pastes resemble those of tapioca starch. 
Chemically, waxy cornstarch differs from ordinary cornstarch in 
molecular structure. Starch from non-waxy corn is made up of a mixture 
of two molecular forms, straight chains and branched chains (3). The 
straight chain molecules represent the amylose fraction, and branched 
.chain molecules the amylopectin fraction of ordinary cornstarch. 
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It is the straight chain component which is responsible for the blue 
staining reaction with iodine. The starch from the Chinese waxy corn 
has only the branched molecular form which stains reddish brown with 
iodine. Non-waxy cornstarch contains about 72 per cent branched chain 
and 28 per cent straight chain. The waxy allel reported by Andres (2) 
produces about 97 per cent branched chain and 3 per cent straight chain 
molecules. 
Experiments have been reported (16) on the effects of various 
dosages of the waxy gene on starch properties. The materials used were 
Iowa 939 and Iowax No. 1. Iowa 939 was one of the first hybrids released 
by the Iowa Experiment Station and is homozygous starchy (WxWx). 
Iowax No. 1 was produced by introducing the waxy gene into the four 
inbred lines involved in Iowa 939 by the backcrossing technic. Back-
crossing was continued for several generations so that the lines I 205W x , I 
205wx etc. should be largely isogenic. Four different endosperm genotypes 
were produced from these hybrids as follows: 
1. Iowa 939 sib-pollinated 
2. Iowa 939 x Iowax No. 1 
3. Iowax No. 1 x Iowa 939 
4. Iowax No. 1 sib-pollinated 
Wx Wx Wx 
Wx Wx wx 
wx wx Wx 
wx wx wx 
Precautions were taken to insure that the four samples were handled 
similarly during milling and the subsequent starch characterization tests. 
The relation between endosperm genotype and starch properties is 
illustrated in Table 1 and Figure 1. 
TABLE I. 
T H E RELATION B ETWEE, ENDOSPERM GENOTYPE AN O RIGIDITY AN O VISCOSITY PROP ERTIES 
OF T llE ENDOSPERM STARCH 
Genotype of Rigid ity 
Visrosity in Ce11tipoises 
Starch No. Endosperm Dynes/ cm .2x I 0-1 13 cm. 1 23 cm. 
---
I. Wx Wx Wx 22.2 24 .4 16.5 
2. W x Wx wx 18.5 4 1.8 25.8 
3. wx wx lflx 6.1 66.6 33.+ 
4. wx wx wx 0 49.0 23.0 
Sprague et al. (16) state that "although preliminary in nature, the 
foregoing results indicate that the waxy gene is not completely recessive 
in its influence as was previously believed. This is evidenced by the inter-
mediate properties of the two heterozygous types, Wx Wx wx and wx wx 
W x. Ignoring the completely recessive type, wx wx wx, the data on 
rigidity and viscosity indicate a simple additive type of factor action. The 
data on percentage amylose indicate a rather high degree of dominance. 
"The fact that it is possible to produce starches of intermediate 
character is not of immediate industrial value because of the additional 
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expense which would be involved. For example, if it were desirable to 
produce a starch having viscosity and rigidity properties of the W x W x wx 
type, it would be necessary to produce the grain for milling in a detasseled 
crossing plot rather than in a regular commercial field." 
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FIG. 1. Potentiometric curves for 0.04 per cent solution of starches. I, Wx Wx Wx; 
II,Wx Wx wx; III, wx wx Wx; IV, wx wx wx. 
"The results promise to be of considerable theoretical interest, how-
ever, in studying the mechanism of starch synthesis in the kernel. They 
may provide an approach to the question of how the waxy allel promotes 
synthesis of starch made up entirely of branched molecules, while the 
starchy allel promotes synthesis of starch containing a mixture of straight 
and branched molecules." 
A somewhat similar study was reported (6) using the Argentine 
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waxy mutant, wxa, reported by Andres (2) . By means of the sib pollina-
tions and crosses it was possible to produce the following genetic types: 
SERIES 1. Iowax No. 1 sib-pollinated wx wx wx 
Iowax No. 1 x Argentine waxy wx wx wxa 
Argentine waxy x Iowax No. 1 . wxa wxa wx 
SERIES 2. Iowa 939 sib-pollinated Wx Wx Wx 
Iowa 939 x Argentine waxy W x W x wxa 
Argentine waxy x Iowa 939 wxa wxa Wx 
Argentine waxy sib-pollinated wxa wxa wxa 
The analytical results obtained are presented in Table 2 and Figure 
2. 
TABLE 2. 
T H E R ELATION B ETW EEN ENDOS P ER M G ENOTYPE, AM YLOS'E P ERCENTAGE, AN D VI SCOSITY 
O F n rn EN DOSP ERM STARCH 
Genotype of 
Endosperm 
wx wx wx 
wx wx wx• ... .... . ..... . .. . . . .. .... . ... . .... . 
wx• WX 11 wx 
wx• wxa wx 11 
WxWx Wx 
Wx Wx wx• 
wx• wx• Wx 
wx• wx• tux• .. . ........ . ..... . . . .... . . ... . . . . 
Amylase 
Percentage 
0.0 
0.7 
J.3 
2.4 
27.7 
27.4 
26.7 
2.4 
I
-· Viscosi 1 y Seconds 
(2 Per Cent Pas te) 
65 
60 
42 
31 
33 
52 
78 
175 
•The viscosity measurements in the two hal ves of this table a re no t di rectl y com-
parable as d ifferent si1ed cap illa ry tu bes were used . 
Brimhall et al. (6) state that, "On the basis of loss of ability to 
synthesize amylase, this series of multiple allels can be arranged in the 
order W x , wxa, and wx. In this one respect W x is dominant to both wxa 
and wx. However, on the basis of viscosity measurements there is no clear 
indication of dominance. Considering only the wxa and wx allels, the 
variation in amylase percentage suggests a geometric and viscosity 
measurement an additive type of gene action. Genes which condition 
several effects, as meaured by the end product, are said to be pleiotropic. 
Dominance relations may vary among the series of allels depending on 
which of the manifold effects is chosen as the basis for classification. 
"In the present case it appears that an assumption of pleiotropism 
may not be warranted. The three allels Wx, wxa, and wx, affect the 
development of amylase and the amount of amylase present in the starch 
is reflected in its chemical and physical properties. Iodine-staining reac-
tion, rigidity and viscosity measurements are merely different procedures 
for characterizing starch properties which may be differently influenced 
by amylase content. The apparent pleiotropism may be due entirely to 
the fact that none of these methods of characterizing starch provides a 
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complete delineation. Viscosity is a logarithmic function of starch concen-
tration, while iodine titration is a linear function. Thus, very small 
differences in amylose content between Wx Wx wxa and wxa wxa Wx 
might not be detected by iodine titration but would show up in viscosity 
determinations. 
"The waxy cereals studied fall into two general groups. The first 
group characterized by starch lacking amylose, includes rice, sorghum, 
and corn (wx wx wx). The second group, characterized by starch possess-
ing a low percentage of amylose, includes barley and corn ( wxa wxa wxa) . 
The difference in iodine-staining reaction between waxy barley and other 
~ 
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Fie. 2. Pbtentiometric titration curves for 0.02 per cent solutions of starches: 
1, wx wx wx; 2, wx wx wx"; 3, wx• wx• wx; 4, wx" wx• wx"; 5, waxy barley. 
waxy cereals has been noted (10), but a potentiometric iodine titration 
carried out at that time failed to detect the presence of amylose. This was 
undoubtedly due to the interference of fatty acids (0.33 per cent) in the 
barley starch. When this determination was repeated on a defatted 
sample, 3.5 per cent of amylose was found." 
In view of the difference in physical and chemical properties of waxy 
cornstarch observed by Hixon in 1936, it was felt that waxy starch might 
have commercial possibilities. Available strains of waxy corn were not 
suited to commercial growing in the Corn Belt. Accordingly, a good 
commercial hybrid, Iowa 939, was chosen for conversion to the waxy 
condition. The four inbred parents were crossed with a waxy strain and 
then they each were recurrently backcrossed so as to completely recover 
their genotypes except for the addition of the waxy character. Later, 
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the process of converting numerous other standard non-waxy inbred 
lines to the waxy condition was inaugurated. 
First agronomic tests of waxy Iowa 939, later known as Iowax No. 1, 
were begun in 1939. The yield of this hybrid was only slightly inferior 
to yields of its starchy counterpart. This slight reduction in yield may be 
characteristic of the waxy genotype. On ears segregating for both starchy 
and waxy kernels, the starchy kernels regularly weigh 3 to 5 per cent 
heavier than do the waxy kernels. This is about the same magnitude as 
the yield differences observed. 
In the fall of 1941 when the Japanese invaded the islands of the 
Pacific, less than two bushels of seed were available of the waxy double-
Frc. 3. The first crossing block devoted to the commercial production of hybrid 
waxy corn. 
cross hybrid, Iowax No. 1. Approximately 3,800 kernels were available 
of one of the parental singles, and 335 kernels of the other single-cross 
parent. There were also available limited quantities of seed of the four 
waxy inbred parents. In addition to this seed about 50 bushels of F 2 seed 
were available from an isolated planting of Iowax No. 1, grown near 
Ames, Iowa. 
In the winter of 1941-42 all of the available greenhouse space at 
Ames, Iowa, and Beltsville, Maryland, was used for advancing the two 
parent single-crosses to the F 2 generation by sib-pollination. Sufficient 
F 2 seed was obtained to plant a 20-acre double-crossing field in 1942 
(Fig. 3) and an additional 20 acres of isolated increase fields of the 
parental single crosses. 
The major portion of the available inbred seed was used to produce 
single crosses. The 50 bushels of F 2 seed of the double cross Iowax No. 1 
was used to plant 326 acres on College Farm land. The resulting crop was 
milled and produced about 500,000 pounds of waxy cornstarch. 
Approximately 450 bushels of double-crossed seed were obtained in 
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1942. A part of this was of rather poor quality due to the use of F 2 seed, 
and only 250 bushels, enough to plant 1,750 acres, was used in 1943. 
Sufficient F 1 single-cross seed was available in 1943 to plant the required 
acreage of double-crossing blocks. By 1944 the acreage of waxy corn 
had increased to 10,000 acres, and by 1946 there were approximately 
20,000 acres of waxy corn being grown. · 
In the period from 1941 to 1946 several new waxy double crosses 
were de~oped and tested. Three of the new hybrids were grown 
commercially in 1947. Iowax No. 1 has been replaced by Iowax No. 2, and 
limited quantities of Iowax 5 and 6 will also be used. Each of these 
hybrids is superior to Iowax No. 1 in yielding ability and other agronomic 
characters. 
The commercial use of waxy corn hybrids has necessitated modifying 
the policies on the release and distribution of inbred lines previously 
followed by the Iowa Agricultural Experiment Station. The various waxy 
lines are phenotypically indistinguishable from their starchy counter-
parts with the exception of their reaction to iodine. It was felt that the 
release of such lines might result in confusion in the hands of the seed 
producers to the detriment of both the starchy and waxy hybrids. Conse-
quently, it was decided not ~o release the waxy lines. This policy required 
that some provision be made for the production of the necessary quanti-
ties of single- and double-cross seed. 
The Experiment Station, through its Committee for Agricultural 
Development, has a continuing contract with the American Maize-Pro-
ducts Company to produce whatever quantity of seed is deemed neces-
sary. This waxy seed has been sold to the American Maize-Products 
Company at the prevailing price for standard double-cross hybrids. 
The commercial production of waxy corn. requires very careful 
supervision. The entire ,acreage is grown under contract, and a certain 
amount of canvassing is necessary to obtain the contract acreage. Each 
field must be inspected prior to harvest to determine whether contamina-
tion by foreign pollen has exceeded the tolerance limit, (5 per cent). In 
the beginning it was felt that pollen contamination would be a serious 
difficulty in the production of a high-quality starch, but four years' 
experience has indicated that such contamination is a minor problem. 
In general, the milling companies are not equipped with storage space 
for large quantities of corn. This requires that there be some supervision 
of the shipping of the waxy corn to insure a sufficient volume for a con-
tinuous grind. 
The Iowa Agricultural Experiment Station has felt that these various 
supervisory functions could r!ot be undertaken as a part of its regular 
duties. Beginning in 1943, therefore, the American Maize-Products Com-
pany has contracted with the Doane Agricultural Service, a farm manage-
ment and land appraisal concern, to act as its field representative in 
supervising the production and marketing of the crop. 
Waxy corn is a premium crop. Farmers who grow this crop receive 
a premium of 12 per cent above the market price for ordinary corn. In 
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general, the farmers are well satisfied with the crop and the price received 
for it. Waxy cornstarch has met with ready acceptance by the industrial 
users, and the breeding program is being continued on the assumption 
that waxy corn will have a permanent place in the agriculture of the Corn 
Belt. 
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If a function F (x) may be expanded as a Newton seri~s , 
OQ 
(1) F(x) • L 6.n F(O ) (:), 
n=o 
where AF (x) = (E -1) F (x) = F (x + 1) - F (x) , Milne-Thomson [1] 
has defined the generating function f (s) by the infinite series 
00 
(2) !'(s) • L 
n .. o 
Jordan [2] and Samuelson [3] have outlined the application of (2) to the 
solution of systems of difference equations [ 4]; the latter has stressed 
the generalized nature of the operations defined by infinite sums and the 
relations between them and the classical integral transformations. The 
generalized Laplace transformation is defined as 
("() 
(3) L {F(k)} E • f'(s) = L 
n=o 
F(n) 
8 11+1 ' 
. where E is the shifting operator defined above and k is integral. It may 
be shown that any function F (k) will possess a generalized Laplace 
transform if it is of exponential order, IF (k) I < Mak, k > K, and is 
defined at all integral values of k. The parameter s in (3) may be real 
or complex, the series will converge uniformly for s > a0 > a, and 
limf(s) = 0 
s~ oo 
1 This paper is part of the thesis submitted to the Graduate Faculty of Iowa State 
College in partial fulfillment of the degree of Doctor of Philosophy, under the direction 
of Prof. H. P. Thielman. 
• Now with the Department of Mathematics, Oregon State College, Corvallis, 
Oregon. 
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A system of difference equations may be transformed to an algebraic 
or differential system by the formulas 
(4) m-1-j s F( j) I 
m-1 
(5) -~ jao 
(6) L{k(m) F(k)} E = (- :s)m sm f(s), 
(7) L{(k+l)-(m)F(k)} E"' (-st (!J m f(s) , 
where k <"'> = k (k- 1) .. . . (k- m + l) and (k+ l) -(1»> = (k+ l) (k+ 2) 
. . .. (k+mf, the so-called factorial polynomials. The inverse transforma-
tion may be effected by the use of the table of transforms of this paper. 
Some other properties which follow from the definition (3) are 
(8) 
(9) 
(10) L{F(k)} 
k+m E 
(11) F(n) 
n+m 
...!.. r( s) 
s-1 
m-1 [ 
00
1 
• s - f'(x) dx , 
8 7!fL 
0() 
• [, .!.m f'(x) dx • 
l x 
In (10) and (11) m need not be an integer and it is understood that both 
infinite sum and infinite integral are to be convergent. 
Two other methods of evaluating the inverse transformation are con-
volution and real or complex inversion. Multiplication together of the 
two series which define the two transforms f (s) and g (s) lead to the 
convolution theorem 
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(12) f(.}g(o) • L{!S F(k·l-n)G(n)} E 
E 
= L{F(k) * G(k)} E. 
The method of real inversion follows at once from the process of find-
ing the coefficients of the Taylor series, 
(13) 
while Cauchy's integral formula [5] leads at once to the complex inver-
sion integral, 
(14) F(k) .. 2;i [ zk f(z) d;; , 
where the simple closed curve C encloses the singular points of zX' f (z). 
Finally, 
(15) F(k) k a Sum of the residues of z f(z) at the singular 
points enclosed by the curve C. 
As an example of the application of the generalized Laplace trans-
formation to a problem in finite differences consider the integral 
( 16) F(n) [
00 
-px n 
= 
0 
e x cos qx dx • 
Integration by parts yields the difference equation 
(17) 2 2 (p + q ) F(n) - 2np F(n-1) + n(n-1) F(n-2) m O , 
which may be changed by the substitution F (n) = n! U (n) to 
(18) U(n+2) - ~ U(n+l) 
p + q 
+ 
_1_ 
2 2 
p + q 
, 
U(n) • 0 
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The boundary conditions are 
(19) U(O) +-2 p + q and 
2 2 
U(l) • p - q 
( 2 2)2 p + q 
application of (4) to (18) yields the transform 
(20) u(s) .. ~2 p + q 
1 
s - p 
8 2_ ~ 1 2 2+-2-2 
p+q p+q 
which may be written in the form 
(21) u(a) .. 
s... q 
p p2+ q2 
+ 
1 
1 
2 · 2 p + q 
~2 , then by me!lJl.S 
of ( 4) and ( 5) in the list of transforms the inversion of (21) leads to 
the final form of the solution of the difference equation (17) , 
( 22) ( 
1 ~ n+2 
F(n) = n! - 2--2 2 [ p cos nw - q sin lll't] • p + q 
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2 a.28 
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( 2 2)2 II + a. 
2 8 3 
( 2 2)2 8 + a 
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GROWTH OF YELLOW PIKEPERCH, STIZOSTEDION VITREUM 
VITREUM (MITCHILL), IN SOME IOWA LAKES, WITH A 
SUMMARY OF GROWTH RATES REPORT}j:D IN OTHER AREAS1 
KENNETH D. CARLANDER2 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station, the Industrial Science Research Institute, and the 
Iowa State Conservation Commission 
Received December 9, 1947 
In connection with various projects of the Iowa Cooperative Fishery 
Research Unit, scales have been collected from a large variety of fishes 
for future study to determine the ages and growth rates of these fishes. 
The present report summarizes the data on the growth rate of yellow 
pikeperch collected from six lakes in the Iowa "lakes district" from 
1941 to 1944. 
The yellow pikeperch, Stizostedion vitreu.m vitreum (Mitchill), 
usually called the "walleye" by local fishermen, is one of the most 
important game fishes in Iowa's natural lakes. For many years the Iowa 
State Conservation Commission has planted thousands of fry and finger-
lings to help maintain the pikeperch fishing. Numerous lake improve-
ments and limitations on the catch have also been used in the manage-
ment of this fishery resource in Iowa. 
A study of the life history and growth rate of fishes is one of the 
most useful techniques in fishery research and management. An analysis 
of growth rates indicates where conditions are favorable for the fish, 
shows where fish populations are overcrowded and not in need of 
further planting, evaluates the success of earlier stocking, and serves as 
a scientific basis for regulation of the catch. The present paper, based 
as it is on a relatively small number of fish from several lakes, is presented 
primarily to give a general picture of the growth of yellow pikeperch in 
Iowa lakes for comparison with more detailed studies, which will appear 
later. 
METHOD OF STUDY OF GROWTH RATES 
The ages and growth rates of most fishes may be determined from 
a study of the rings on their scales. The general methods used in these 
studies have been well described by Van Oosten (1929). In the present 
1 Journal Paper No. J-1508 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 764, and the Industrial Science Research Institute, Project No. 45, 
of Iowa State College; in cooperation with the Iowa State Conservation Commission, 
the United States Fish and Wildlife Service, and the Wildlife Management Institute. 
2 The author wishes to express his appreciation to the following for collecting the 
scales and measuring the fish: Dr. Reeve M. Bailey, formerly of Iowa State College; 
Messrs. Everett Speaker and Thomas Moen of the Iowa State Conservation Commis-
sion; and Dr. William Sigler and Messrs. Max Davis (killed in action), and W. R. 
Hawk, formerly of the Iowa Cooperative Fishery Research Unit. 
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study and in most earlier studies, the growth rates have been calculated 
on the assumption that the scale radius and the length of the fish are 
directly proportional throughout life, since the number of scales remain 
constant. In Lake of the Woods, Minnesota, it was found that the body-
scale relationship of the yellow pikeperch could best be described by 
an S-shaped curve and that growth rates calculated oii a direct proportion 
basis were not entirely accurate (Carlander, 1945). Sufficient data were 
not available to determine the true body-scale relationship of the yellow 
pikeperch from these Iowa lakes and therefore the direct proportion 
method was used to give approximate growth rates. These growth data 
are sufficiently accurate for comparisons and the additional work required 
to determine the true body-scale relationship is probably justified only 
in detailed studies on individual populations. It was found that the 
body-scale relationship determined for the Lake of the Woods pikeperch 
would not give accurate growth calculations if used with pikeperch from 
other waters because the body-scale relationships differ in different 
populations (Carlander, Ms.). 
The growth data in the present study were calculated using standard 
length in millimeters (the length from the tip of the snout to the end 
of the hypural plate), but are recorded in this paper as total lengths in 
inches (the length from the tip of the snout to the end of the tail with 
the two lobes of the tail together). Both standard and total lengths were 
measured on 83 of the fish and it was found that total length equals 
1.198 standard lengths on pikeperch up to 450 millimeters standard 
length. On larger pikeperch, total length equaled 1.187 standard lengths. 
These factors were therefore used in converting standard to total lengths. 
The yellow pikeperch were collected from the following Iowa lakes 
at the times and by the methods indicated below: 
Location 
EMMET COUNTY 
Mud Lake 
DICKINSON COUNTY 
East Okoboji 
West Okoboji 
Spirit Lake 
Welch Lake 
Diamond Lake 
Time 
April, 1944 
October, 1941 
Aug.-Oct. 1941 
July, 1940 
Sept.- Dec. 1941 
June, 1943 
April-June, 1944 
Sept.- Oct. 1941 
Aug.-Sept. 1941 
Method 
Seine 
Seine 
Seine and angling 
Angling 
Seine, gillnet, angling 
Angling 
Gillnet and angling 
Seine 
Seine 
A total of 216 yellow pikeperch were examined from these lakes. 
SIZES OF YELLOW PIKEPERCH IN VARIO US AGE CLASSES 
The smallest yellow pikeperch examined in this study was 6.9 inches 
in total length and was less than one year old; the largest was 26. 7 inches 
long and was twelve years old. Roman numerals are usually used to 
indicate the age class to which a fish belongs. For example, a fish collected 
TABLE I 
THE TOTAL LENGTHS OF YELLOW PlKEPERCH FROM VARIOUS IOWA LAKES BY AGE 
CLASSES AT TIME OF CAPTURE 
Age 
I 
' umber Total length in inches 
Class Lake Date of fish Mean Range 
0 .. .. .. Diamond Aug.- ept., 1941 2 7.0 6.9-7.2 
I. .... . Mud April, 1944 7 7.8 7.2-8.3 
Diamond Aug.-Sept., 1941 37 7.9 6.9-9.6 
West Okoboji Aug.-Oct., 1941 4 8.9 7.8-J0.5 
Spirit October, 1942 l 10.7 ........ 
Totals 49 8.0 6.9-10.7 
II ...... Mud April, 1944 2 9.7 9.5-9.8 
Spirit July, 1940 2 9.4 8.6-10.2 
Sept.-Dec., 1941 5 10.8 9.7-11.7 
October, 1942 4 ll.8 l l.3-13.1 
Diamond Aug.-Sept., 1941 18 12.2 10.5-14.4 
West Okoboji Aug.-Oct., 1941 36 11.0 9.2-12.5 
Welch October, 1941 I 14.2 ........ 
Totals 68 11.3 8.6-14.4 
III. .. ... Spirit March, 1943 5 14.3 13.7-14.8 
April-June, 1944 3 15.2 13.9-16.0 
June, 1943 1 13.0 ........ 
October, 1942 9 14.I 13.0-14.7 
Sept.- Dec., 1941 5 16.5 14.9-18.5 
West Okoboji Aug.-Oct., 1941 8 13.4 10.0-15.7 
Welch September, 1941 l 14.4 ........ 
Totals 32 14.4 10.0-18.5 
IV ...... Spirit March, 1943 1 16.0 ........ 
April-June, 1944 5 16.8 15.8-17.8 
Sept.-Dec., 1941 5 17.3 16.8-17.8 
October, 1942 3 17.3 16.3-18.2 
East Okoboji Sept.-Oct., 1941 5 17.7 16.5-18.7 
Totals 19 17.2 15.8-18.7 
v ...... Spirit April, 1944 J I 8.1 ........ 
October, 1942 6 18.9 17.2-20.9 
November, 1941 I 20.0 ........ 
East Okoboji Sept.-Ocr., 1941 7 19.0 17.7-20.7 
Totals 15 19.0 17.2-20.9 
VJ .... .. Spirit March, 1943 1 19.3 ........ 
April-June, 1944 4 19.0 18.7-19.J 
October, 1942 2 20.7 20.1-21.1 
November, 1941 l 19.0 ........ 
November, 1945 2 19.4 18.2-20.5 
West Okoboji September, 1941 1 19.7 ... . . ... 
East Okoboji Sept.-Oct., 194 l 5 20.3 18.4-21.7 
Totals 16 19.7 18.2-21.7 
VII .. .... pirit March, 1943 l 19.8 . . . . . . . . 
April, 1944 1 20.0 ... ..... 
October, 1942 6 21.0 19.2-22.8 
November, 1945 2 19.3 18.4-20.1 
Totals JO 20.4 19.2-22.8 
VIJJ ..... . West Okoboji June, 1942 l 20.5 ........ 
Ea t Okoboji October, 1945 l 24.8 ........ 
Spirit October, 1942 I 22.4 ........ 
Totals 3 22.6 20.5-24.8 
IX ...... Spirit October, 1942 l 23.8 . .. ..... 
xn ...... Spirit March, 1943 l 26.7 ........ 
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in the same year in which it was hatched belongs to the 0 Age Class, 
and three years later the same fish would have three annuli and would 
belong to the III Age Class. The oldest yellow pikeperch ever reported 
belonged to the XVIII Age Class (Juday and Schloemer, 1938), but 
very few pikeperch reach ten years of age. 
The growth rates of fishes are much more elastic than are those of 
most warmblooded animals and are readily modified by various environ-
mental conditions. It is because of this adaptation to the environment 
that the study of fish growth rates is particularly valuable as an indicator 
TABLE 2 
A COMPARISON OF THE AVERAGE TOTAL LENCTl-IS OF YELLOW P1KEJ'ERCH IN ACE CLASSES 
III, V, ANO Vll FROM VARIOUS WATERS 
Locality 
ACE Cl.ASS HJ 
Lake 1ipigon, Ontario 
Lake Erie 
Prairie Provinces, Canada 
Lake Erie 
Ohio lakes 
Lake of the \Voods 
Quetico, Ontario 
Minnesota lakes 
Iowa lakes 
\>\Tisconsi n lakes 
Trout Lake, Wisconsin 
Ontario watershed, •. Y. 
'orris Reservoir, Tenn. 
AcE CLASS V 
Lake Abitibi, Ontario 
Lake ipigon, Ontario 
Prairie Provinces, Canada 
Quetico, Ontario 
Lake of the \>\foods, Minn. 
Minnesota lakes 
Wisconsin lakes 
Lake Eric 
Iowa lakes 
Ontario watershed, N. Y. 
Ohio lakes 
Trout Lake, \Visconsin 
ACE CLAS VJf 
Lake Abitibi, Ontario 
Lake Nipigon, Ontario 
Prairie Provinces, Canada 
Lake of the Woods, Minn. 
Quetico, Ontario 
lowa lakes 
Wisconsin lakes 
Minnesota lakes 
Trout Lake, Wisconsin 
Ohio lakes 
Authority 
Hart, 1928• 
Adamstone, 1922• 
Ilajkov, 1930• 
Deason, 1933• 
Langlois 
Carlander, Ms.• 
Lindeborg, 1941 
Eddy and Carlander, 19-12• 
Present sLUdy 
Juday and Schloemer, 1938 
Schloemer and Lorch , 1941t 
Greeley, 1940 
Eschmeyer and Jones, 1941 
Hart, 1928• 
Hart, 1928• 
Bajkov, 1930• 
Lindeborg, 1941 
Carlander, Ms.• 
Eddy and Carlander, 1912• 
Juday and Schloemer, 1938 
Deason, 1933• 
Present study 
Greeley, 19·10 
Langlois 
Schloemer and Lorch, 194lt 
Hart, 1928• 
Hart, 1928• 
Bajkov, 1930• 
Carlander, Ms.• 
Lindeborg, 1941 
Present study 
.Juday and Schloemer, 1938 
Eddy and Carlander, 1942• 
chloemer and Lorch, 19·11 t 
Langlois 
I 
Number Average total 
of fish length in inches 
2 9.5 
12.2 
13.2 
60 13.5 
167 13.5 
452 13.6 
6 13.9 
1,189 14.2 
32 14.4 
66 15.0 
45 15.5 
14 17.0 
64 20.5 
1 11.9 
9 14.2 
16.3 
6 16.5 
1,580 16.8 
642 18.4 
139 18.4 
4 18.8 
15 19.0 
6 19.7 
23 19.9 
71 20.3 
4 13.8 
2 15.2 
18.8 
101 19.2 
17 20.2 
IO 20.4 
117 21.2 
58 23.1 
60 23.6 
3 24.6 
•Standard lengths converted to total lengths using the coefficients given by Carlander 
and Smith (1945). 
t Standard lengths converted to total lengths using the coefficient given by Schloemer 
and Lorch (1941). 
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of conditions in various waters. The variation of growth in the yellow 
pikeperch is shown in Table 1 where the sizes of the fish in various age 
classes are compared. Some of the III Age Class pikeperch are smaller 
than the largest I Age Class fish. Speaker (1936) reports yellow pikeperch 
up to 13.5 inches long while less than one year old in an Iowa rearing 
pond. Some of the three-year-old fish in the present study were not this 
large. It is obvious that one cannot tell the age of a fish accurately by 
simply comparing its size with that of other fishes of known age. 
Direct comparison of the average sizes of fish in the same age classes 
gives only an approximation of the differences between growth rates in 
various waters because the fish have been collected at different times 
during the year. The fish in Age Class I from Mud Lake have not yet 
started their second summer's growth while those from Spirit Lake have 
completed the second summer's growth. In the older age classes, however, 
such a comparison may have some value since the annual growth in 
the later years is comparatively less than in the early years of life. For 
comparative purposes the average lengths of yellow pikeperch in the Age 
Classes III, V, and VII in the Iowa lakes and in other waters throughout 
the country are given in Table 2. The rate of growth in the Iowa lakes 
seems to be about average or a little faster than average for the series 
of waters for which growth studies have been reported. 
The calculated growth rates, using the scale measurements in the 
calculation of growth during the earlier years of life, give a more con-
venient and probably a more accurate method of comparing the growth 
in different waters (Table 3). On the basis of these data, the growth of 
yellow pikeperch in West Okoboji is a bit slower than that in Spirit 
Lake, which in turn is slower than that in East Okoboji. The growth in 
the other lakes appears to be even more rapid, but the fish are too young 
for valid comparison. 
The increase in length is greatest the first year, and each successive 
year the annual increase is less. The average annual increment, as given 
in Table 3, was calculated using only those fish which completed the 
growth for the year of life in question and therefore is not always exactly 
equal to the difference in lengths at the beginning and the end of the year 
given for the combined group of fish in the line above. For example, the 
average calculated total length for the fish at the end of the third year 
included data from a large number of pikeperch which did not reach 
the end of the fourth year. 
A comparison of the average calculated growth for the Iowa pike-
perch with that reported from other waters indicates that the Iowa pike-
percli show about an average rate of growth (Table 4). 
FACTORS AFFECTING THE GROWTH RATES OF YELLOW PIKEPERCH 
The available data are not complete enough to determine the factors 
which are responsible for the differences in the growth rates of the 
yellow pikeperch in these Iowa lakes. It may be of some significance, 
however, that of the three lakes frem which samples of older fish were 
TABLE 3 
TME CALCULATED GROWTH OF YELLOW PJKEPERCM IN VARIOUS ]OWA LAKES 
No. Average calculated total leng~in inches at each annulus 
Lake of fish I 2--1 __ 3_1 __ 4_1 5 I 6 I 7 I 8 9 I IO JI 12 
West Okoboji .. . . .. . ... ... ..... 50 5.0 9.2 11.7 15.9 15.9 17.6 18.0 19.7 
Spirit ... . ... ... .. .. . .. ..... ... . 80 4.9 8.8 12.4 14.8 16.9 18.5 19.8 21.5 23.2 24.7 25 .9 26.6 
East Okoboji ... .... . .. .. ... .... 18 5.2 9.5 12.9 15.7 17.7 19.4 21.9 23.8 
Welch . . . .... .. . .. . . ......... .. 2 5.4 10.2 12.5 
Diamond . . . . . .. . . .. . . .. .... ... 57 5.2 10.0 
Mud . ... . . .... . .. .... . .. . .. .. . 9 6.8 
Combined . . ..... . .. . ... . . . . . .. 216 5.0 9.2 12.4 15.0 17.1 18.6 19.9 21.5 23.2 24 .7 25.9 26.6 
Annual increment 
···· ··· · · . ... 
5.0 4.2 3.4 2.8 2.3 1.8 1.4 1.7 1.7 1.3 1.2 0.7 
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secured, the growth was slowest in the deepest lake, West Okoboji, and 
most rapid in the shallowest lake, East Okoboji. Shallow lakes are 
usually more productive than deep lakes. 
The rapid growth in Mud, Diamond, and Welch lakes was probably 
associated with low population densities. These lakes are subject to 
frequent winter kill and have been used upon occasion as rearing areas 
for yellow pikeperch with the fish seined out at the end of the growing 
season. Population density seems to be an important factor in modifying 
the growth rates of yellow pikeperch (Eddy and Carlander, 1940). The 
rapid growth of yellow pikeperch in Norris Reservoir, Tennessee, was 
probably partly the result of the recent introduction and fairly low popu-
lation density of the fish (Eschmeyer and Jones, 1941). 
There is also a tendency for the growth of the pikeperch to be slower 
in the northernmost lakes (Tables 2 and 4). Bennett (1937) pointed out 
that the growth of the largemouth bass is more rapid toward the south. 
Similar trends have been shown for the long-eared and green· sunfishes 
in Michigan (Hubbs and Cooper, 1934) and for a number of species in 
Minnesota (Eddy and Carlander, 1940). The increase in growth rate 
toward the south may be the result of longer growing seasons and of 
higher summer temperatures, which increase the metabolic processes 
0£ the fish. The growth of yellow pikeperch in Lake of the Woods was 
found to be more rapid during summers with high July and August 
mean temperatures (Carlander, 1945). 
COEFFICIENT OF CONDITION 
The rate of growth is one of the most important indicators of the 
health and success of fish in a given body of water. Another indicator 
of some value is the coefficient of condition, K, which has been discussed 
by Hile (1936): 
w 105 K=-----
L3 
if W =weight in grams 
and L = standard length in millimeters 
This coefficient gives a con~enient measure of the plumpness of the fish. 
Heavy-bodied fish have higher K values than do thin, starved fish. In 
some species, the value of K varies with the length of the fish or with the 
time of the year in which the fish is caught. A comparison of the K values 
of these Iowa yellow pikeperch did not show a consistent tendency to 
increase or decrease with increase in the length. Neither were any 
seasonal trends detected. In Trout Lake, Wisconsin, (Schloemer and 
Lorch, 1942), and in Lake of the Woods, Minnesota (Carlander, 1945), 
there was a tendency for the value of K to be higher in yellow pikeperch 
3 to 6 years old than in younger or older fish. A similar tendency may 
have been present in the Iowa data but it was not pronounced enough 
to alter comparisons. The data from each lake were therefore combined, 
without regard to length or to season, for comparison of the condition 
TABLE 4 
CALCULATED GROWTH OF YF.LLOW PIKEPERCH REPORTED FROM VARIOUS .WATERS 
Locality 
Number I 
of fish Average calculated total length in inches at each annulus 
I I 2 3 I -I I 5 I 6 I. 7 I 8 I 9 I JO 
Clear Lake, Wisconsin" ... . .. . ... 77 4.0 8.0 l0.7 12.6 14.0 15.7 . . . . .. . . . ... 
(Schloemer and Lorch, J 942) 
Lake of the Woods, Mi.nn.t . .. .. 2,898 6.5 9.2 J 1.5 13.5 14.8 16.6 18.l 19.8 21.5 22.6 
(Carlander, 1945) 
Lake Erie:j: .......... . ... . ... .. . 25 4.7 8.2 J 1.1 13.6 15.6 17.5 19.4 21.1 22.5 24.0 
(Adamstone, 1922) 
Lake Erie .. . . . ... . .... . .... .. . . . 1,430 4.2 8.4 11.3 14.8 18.0 20.8 . .. . . . . .. . .. 
(Deason, I 933) 
Iowa Jakes 
..... . . . · · ··· ······ · . . 
216 5.0 9.2 J2.4 15.0 17.l 18.6 19.9 21.5 23.2 24.7 
Wisconsin Jakes§ . . . . . . . . . . . . . . . . 1,132 5.4 9.8 13.2 15.9 17.8 19.5 21.8 23.3 24.8 26.l 
(Schloemer and Lorch, 1942) 
Trout Lake, Wisconsin ....... . . . 429 5.3 9.7 13.7 16.6 J9.0 20.7 21.7 22.3 23.1 23.3 
(Schloemer and Lorch, 1942) 
Minnesota lakesll ............. . .. 6,599 4.9 9.1 12.7 J5.8 19.1 21.6 24.2 26.6 28.2 ... 
(Eddy and Carlander, 1939) 
Bear Lake, Wisconsin" .... .. ...... 5 G.5 11.9 17.2 20.3 22.6 25.3 23.9 25.3 26.8 . .. 
(Schloemer and Lorch, 1942) 
Norris Reservoir, Tenn. ....... . . . 96 8.3 16.0 20.5 22.4 . . . . . . .. . . .. . .. . .. 
(Eschmeyer and Jones, 1941) 
"Standard lengths converted to total lengths using the coefficient given by Schloemer and Lorch, 1941. Clear Lake was the lake 
showing slowest growth of 39 ·wisconsin lakes studied, and Bear Lake showed the fastest growth. 
t Standard lengths converted to total lengths using the coefficients given by Carlander and Smith , 1945. Growth calculated 
using corrected body-scale relationship. 
:j: Standard lengths converted to total lengths using the coefficients given by Carlander and Smith, 1945. 
§An unweighted average of 39 lakes. 
II Fork lengths converted to total lengths using the coefficients given oy Carlamler and Smith, J945. 
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in various lakes (Table 5). In general, the yellow pikeperch in these Iowa 
lakes seem to be in good condition, with relatively high K values. The 
lakes in which the pikeperch show rapid growth are not necessarily the 
ones in which the fish are the fattest and have high K values. 
TABLE 5 
AVERAGE COEFFICIE 'T OF CONDITION, K, OF YELLOW PIKEPERCH F ROM VARIOUS L AKES 
Lake 
Mud ..................... . .... . ... . 
West O koboji ... . . . . .. . .... . . . . ..... . 
Welch . . . . .... . .. . . . . . . ..... . .. . .. . 
East O koboj i . . ..... . . . .. . ..... . . .. . . 
Spirit ............. . .. .. . ... . .. . . . . . . 
D iamond .. . ............ . .. .. . . . ... . . 
Iowa lakes, combined . .. .. . .. .. . .. . 
Trout La ke, Wisconsin ...... . ...... . 
(Schloemer and Lorch, 1 94~) 
Lake of the Woods, Minnesota 
(Carlander, 1945) 
Number 
of fish 
9 
50 
2 
17 
67 
57 
202 
266 
368 
SUMMARY 
Standard Length Mean K 
in mm. Value 
152-208 1.26 
165-435 1.37 
302-306 1.52 
351-530 1.66 
207-570 1.71 
146--305 1.84 
146--570 1.64 
130-640 1.45 
150-550 1.47 
1. The growth rates of 216 yellow pikeperch from six Iowa lakes 
were determined from examination of their scales and were calculated 
by the direct proportion method. 
2. The pikeperch ranged from less than one year to over twelve 
years in age and a considerable variation in the growth rates was 
observed. 
3. Growth in the Iowa lakes is about or a little above average when 
compared with growth rates reported from other waters throughout the 
country. 
4. Richness of the lake, population densities, and length of growing 
seasons are suggested as fac tors modifying the growth in different waters. 
5. The average K of 202 yellow pikeperch from Iowa lakes was 1.64, 
which is somewhat higher than that reported from other waters. 
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It has been reported by Becker and Gallagher that the host reaction 
which clears the blood of reproducing Trypanosoma lewisi is inhibited by 
sodium salicylate treatment of the rat host (1). Reappearance of the 
reproducing population, however, did not follow the treatment of rats 
still harboring adult trypanosomes or recovered rats reinjected with adult 
trypanosomes. The present authors have experimented further and with-
out success in similar efforts with near-immune (i.e., still harboring adult 
trypanosomes) and immune rats. Likewise, inoculations of salicylate-
treated recovered rats with large numbers of trypanosomes in the repro-
ductive phase have so far resulted only in the rather prompt destruction 
of the microorganism in the immune host, whether introduced intra-
peritoneally or intravenously. However, when both donor and receptor 
rats were treated, reinfection with reproduction followed in certain, but 
by no means all, ca~es. As will be brought out subsequently, it appears 
that trypanocidal rather than anti-reproductive reaction products are 
responsible for the refractory animals. 
MATERIALS AND METHODS 
Strain of rats and of trypanosomes, method of drug administration, 
enumeration of trypanosomes. and staining were described in the previous 
paper (1). In the present work the criterion of reproduction and tempo 
of reproduction was standard deviatism instead of the percentage of 
"division forms," as formerly. Degrees of freedom were not used in the 
calculation. Taliaferro and Taliaferro (2) employed the coefficient of 
variation for the same p~rpose, but this constant has the objectionable 
feature that it measures variability relative to the mean, while all.that 
is required is measuring variability. Coefficients of variation were calcu-
lated, however, and appear in the tables, but not in the graphs. Fifty 
specimens were usually measured from each slide stained in Wright's, 
though in some cases the number was 60, 75, or 100. In case the specimens 
were extremely rare, only 25 or 40 trypa.nosomes were measured. 
Notations were made on the presence or absence of actually dividing 
specimens in the smear. A number of records were made of the percent-
'Supported in part by grant to Project 40, Industrial Science Research Institute, 
Iowa State College. 
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age of dividing specimens, but the values were so variable that it is 
believed they are of little significance, and are not here reported. 
Discussions of the nature of immunity to T. lewisi and of the physio-
logical effects of sodium salicylate appear in the previous paper (1). 
EXPERIMENTAL DATA 
Notes from the protocol are presented as a background for under-
standing of the circumstances under which reinfections were obtained . 
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FIG. 1. Course of infection in receptor rat No. 0. Standard deviation of length 
is expressed in microns, and "thousands of trypanosomes" is the count per mm.3 of 
blood. Points on 0-ordinate connected by broken lines with analogous points on 
ordinate for day 1 represent the pertinent data describing the condition of the trypano-
somes in the donor rat at the time the receptor rat was injected. Vertical line per-
pendicular to the abscissa and capped by x marks last day salicylate was administered. 
SERIES I 
June 12. Seven 154 g. female rats of same litter were inoculated i.p. with 400,000 
T. lewisi. 
June 19. Trypanosomes have attained adult stage in the seven rats. Administered 
each rat sodium salicylate in 6.0 per cent aqueous solution with the dosage at 540 
mg./kg. 
June 20, 22, 23, 24, 26. Dosings repeated. 
June 24. Adult trypanosomes persisting in 2 rats (Nos. 0 and 1); five rats trypano-
some-free. Each rat injected iv. and i.p., half and half, with 2 cc. of diluted blood con-
taining 18 X 10' trypanosomes in fourth day of infections in untreated rats. 
June 25. Rats Nos. 2-6 trypanosome-free; rats Nos. 0 and 1 with adult stages. 
June 28. Rats Nos. 2-6 trypanosome-free; rat No. 0 with 18,000 adult trypanosomes/ 
mm.• of blood; rat No. 1 with 31,000/ mm.3 
Administered each rat by lavage 135 mg. sodium salicylate in 9.0 per cent aqueous 
solution. 
Injected each rat i.p. with 175 X 10• four-day trypanosomes in multiplicative phase 
REINFECTION WITH TRYPANOSOMA LEWIS! 241 
from donor rats that had been treated with 90 mg. doses of sodium salicylate at time 
of inoculation and at end of first, second, and third days. 
June 29. Blood of rats Nos. 0, 1, and 2 positive for T. lewisi; four other rats neg3.tive 
this day and thereafter. 
Subsequent doses of sodium salicylate were administered to the three positive rats 
as follows, according to days of the infections: 1-4, 90 mg.; 5, 135 mg.; 6-9, 90 mg; 
rn-17, 0 mg. 
Tables 1 and 2 record the pertinent data regarding the infections in 
rats Nos. 0, 1, and 2. The courses of infection in the three rats presented 
striking contrasts. That for rat No. 0 is charted in Figure 1. 
Rat No. 0 had 18,000 adult trypanosomes/ mm.3 of blood immediately 
prior to inoculation with 1 cc. of blood from donor rat No. 1. The latter 
rat, in the fourth day of the infection, had 175 X 103 trypanosomes/ mm.3 
of blood, and 100 measured trypanosomes had mean length of 28.2 µ and 
standard deviation of 8.3 µ (Table 1). The former value is comparatively 
low and the latter comparatively high, and both are indicative of a rapidly 
multiplying population (cf. Taliaferro and Palinova (3) ) . 
Forms in the process of division could readily be found in stained 
smears. At the end of a day the parasite count had more than doubled in 
the receptor rat, no examples of division were to be found in the smears, 
the mean was 33.0 µ, and the standard deviation 1.5 µ. On the second day 
the situation was but little different, except that the count was lower and 
dividing forms were beginning to appear in the blood. Thereafter the 
count showed a tendency to drop until the blood was cleared by the 
nineteenth day, this despite observed reproduction and moderately high 
standard deviations on fourth to fifteenth days. Observation of dividing 
fopns on the eleventh day and moderately high standard deviations to 
the fifteenth day prove that reproduction continued for several days 
after the last dose of salicylate on the ninth day. It is to be noted that the 
means continued high throughout even while reproduction was proceed-
ing, indicating, to our mind, selection of the small types (Plate A: 5 and 
6) for destruction. 
Rats Nos. 1 and 2 were also inoculated with 175 X 106 four-day 
trypanosomes from donor rat No. 1. The first rat had in its blood just prior 
tc· inoculation 31,000 trypanosomes/ mm.3 and, as is the case of rat No. 0, 
they were adults in the sixteenth day of the infection. Despite the intro-
duction of so many trypanosomes by inoculation, the parasite count 
decreased steadfastly from 0 day to the eighth and eleventh days (Table 
2). At no time could dividing forms be found in the smears, but standard 
deviations of 2.0-2.4 µ from fourth to eleventh days and coefficient of 
variations of 6.4-7.7 per cent during the same period suggest that some 
reproduction was occurring. The rat was found dead from unknown 
causes on the twelfth day. 
Rat No. 2 was inoculated under the same circumstances as the pre-
ceding except that it had completely recovered. The parasitemia (V. 
Table 2) did not exceed 500 trypanosomes/ mm.3 after the morning follow-
ing the inoculation, and by the twelfth day the blood was trypanosome-
free microscopically, but actually dividing forms were to be found in 
TABLE I 
DATA PERTAINI G TO COURSE OF I NFECTION I Rf'CEl'TOR RAT No. 0 
(Tr) panosomes/ I ,000 = Lhousands/ mm.3 of blood; SLd. Dev. = standard deviation for lengths in microns; C. V. % =coefficient o( 
varia Lion for lengths in per cent · Mean in µ.=mean lengths in microns; •after day designation = dividing forms noted; x after day desig· 
nation = last day of infection on which salicyla te was administered.) 
I 
Donor 
Kind of R at No. I 
Data 4th day• I 
Trypano- I somes/ 1,000. 175 38 
Std. Dev .. .. . I 8.3 J.5 
c. v. o/o .. .. I 29.4 4.5 
Mean in µ. •. I 28.2 33 
Kind of 
Da La 0 I 
Tqpano· 
so mes/ J ,000 . . . .... 31 19 
Std. Dev .. . .... . ... 1.9 I . . 
c. v. o/o . .. .. .... • 5.7 I . . 
Mean i 11 µ. . .....•. 33.2 I . . 
Receptor Rat No. 0-Days after inoculation 
2• 4• 6• 7• 8• 
25 I 15 15 17 13 
1.5 I 3.4 2.4 2.8 3.6 
4.4 10.0 7.2 8.3 10.9 
34.3 33.9 33.2 33.7 33.2 
TABLE 2 
R ECEPTOR RATS No. l A ' D No. 2 
(Data as for Table 1) 
Receptor Rat 'o. l 
Days after inoculaLion 
2 I 4 I 6 8 I It 1• 
II 12 7 5 5 0.5 
-
0.7 2.4 2.1 2.4 2.0 3.6 
2.2 7.7 6.8 7.6 6.4 12.7 
32.5 31.3 31.1 31.7 31.0 28.4 
9x• 11• 13 
9 10 9 
4.4 3.6 4.4 
13.6 I I.I 13.0 
32.9 32.4 33.9 
Receplor Rat o. 2 
Days after inoculation 
I 2• ' 4• 6• 
0.5 0.4 0.4 
I 3.1 1.7 2.L 
10.8 5.6 6.5 
28.7 30.2 32.5 
t Salicylate last administered on ninth day. 
15 I 17 I 19 
<I I < I I 0 
2.4 I 1.2 I . . 
7.5 4.0 I .. 
31.9 30.1 I . . 
8 9x I II 
0.3 0.3 I < 0.l 
2.0 . . I . . 
6.7 + 30.0 . 
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the blood continuously until the eighth day. The standard deviations 
fluctuated between 1.7 µand 3.6 µ, the means between 28.4 µand 32.5 µ. 
The actually dividing forms observed in this rat were not the large and 
small types characteristic of normal reproduction (Plate A: 1, 3, and 6), 
but of the type which Taliaferro and Palinova (3) observed in T. duttoni 
and T. lewisi infections and considered to be double monsters in which 
the component parts remained united instead of separating. The following 
PLATE A. Developmental forms of Trypanosoma lewisi encountered during meas-
uring: 7, normal adult; 4, intermediate between 7 and 8; 8, "transitional," the type 
which undergoes binary (1 and 2) or multiple (3) division to form the small types 5 
and 6, which may in turn undergo division, as in 6; 9-12, stages in adult division seen 
only in receptor rat No. 2 except for a single specimen in receptor rat No. 4 on the 
last day of the multiplicative phase. Xl,560. 
combinations of organelles were noted: (a.) 1 nucleus, 2 flagella, 1 para-
basal body (Plate A: 11); (b) 1 nucleus, 2 flagella, 2 parabasal bodies 
(Plate A: 12); (c) 1 dividing nucleus, 2 flagella, 2 parabasal bodies; (d) 
2 nuclei, 2 flagella, 2 parabasal bodies (Plate A: 9); (e) 1 dividing 
nucleus, 3 flagella, 3 para basal bodies (Plate A: 10). All the preceding 
forms had intact cytoplasms, but one specimen was seen with the split 
between the two sets of organelles almost completed. We consider all 
these forms to represent adult fission, as contrasted with the familiar 
Donor 
Kind of Rat No. 2 
Data 4th da y" I " 
Trypano-
. I somes/ l ,000 . 350 2 
Std. Dev ...... I 5.l 3.2 
C. v. o/o . .. . . I 20.5 13.4 
Mean inµ ... I 24.9 23.4 
2• 
5 
5.6 
19.9 
28.1 
3" 
TABLE 3 
R ECEPTOR RAT No. 3 
(Data as for Table I ) 
Receptor Rat No. 3-Days alter inoculation 
19 21 4" 5" 7" I 9" lOx " l l " 12" 13" 14" 15" I 16" I 17" I 
----l----l---l---~----l·---1~----1---1----+---'---~--~-~--
7 5 220 455 1 582 . . . 490 7 38 600 280 .145 50 I 18 38 <I 0 
6.1 
-- ------l----l---1--~1-------+-~--
6.6 5.9 5.5 I 5.3 . . . 5.9 5.8 3.4 6.3 6.2 6.1 I 7.3 3.7 
23.0 
26.5 
26.8 18.6 ~~ - .- . -. 22.6 2l.5 12.5 23.l 22.0 !8.5125.216:2 - .. ~ 
24.7 31.7 28.4 I 29.l - . -. . - 26.1 21.0 27.2 27.2'28.2 32.SJ29.022.8 - .. -: 
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appearances in the multiplicative phase of the normal cycle (Plate A: 
1, 3, 4, 5, 6, 8) . 
Binary fission similar to that of adults is occasionally encountered · 
among the large "intermediate" types (Plate A: 2) . 
SERIES II 
July 5. Three male and three female rats of young litter with mean weight of 126 g. 
each injected i.p. with 500,000 adult T. lewisi. 
July 9. Trypanosomes found in blood of all except No. l. 
July 12. Rats Nos. 1-6 are trypanosome-free. 
July 13. Mean wt. of litter 151 g. To each rat is administered 1 cc. of 9.0 per cent 
sodium salicylate solution on this and five succeeding days. . 
July 14. Each of the six rats is injected i.p. with diluted blood containing 1 X 10' 
T . lewisi in fourth day of infection in untreated rats. 
July 15-19. Blood negative. 
July 20. Rats Nos. 1, 2, 3, and 5 each injected i.p. with 175 X 10' four-day T. lewisi in 
diluted blood from donor rat No. 2 which had received 90 mg. salicylate daily for four 
days previously. Salicylate dose raised to 120 mg. for all six receptor rats today and 
henceforth. 
July 21. Blood of rats Nos. 1, 2, and 4 negative; No. 3 positive. 
July 22. Injected rats No. 4 and 6 i.p. with 300 X 10° four-day T . lewisi in diluted 
blood from donor rat No. 3 which had received 90 mg. salicylate daily for the four 
previous days. 
July 23. Trypanosomes present in blood of rat No. 4; rat No. 6 negative today and 
thereafter. 
The data for the infections in rats Nos. 3 and 4 are recorded in 
Tables 3 'and 4, respectively, and the courses of the infections are charted 
in Figures 2 and 3, respectively. 
When inoculated on July 20, rat No. 3 ( ~ ) was a recovered, trypano-
some-free animal . . The injected trypanosomes were from donor rat No. 2 
whose blood, as Table 3 shows, had a parasitemia of 350,000 trypano-
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Frc. 2. Course of infection in receptor rat No. 3. (See explanatory notes under 
Fig. 1.) Note that the scale of the ordinate is reduced 50 per cent. . 
Donor 
Kind of Rat ~o. 3 
Data 4th clay• i • 
Trypano-
sumes/ 1,000 .. ........ 300 3 
Std. DC\' ............. I 4.1 2.8 
c. v. <Jo . ........ • ... 13.2 9.4 
Mea11 in µ ...... •... 31.0 30.0 
--
2• 
24 
1.4 
4.8 
29.1 
--
TABLE 4 
Receptor Rat o. 4 
(Data as for Table I) 
Receptor Rat 
3• 4• 5• 6• 
53 lll 175 225 
6.1 6.3 5.8 6.0 
21.7 21.0 18.7 20.0 
28.1 29.6 31.0 30.0 
--
No. 4-Days after inoculation 
7x• 8• 9• 10• JI 12 I 13 I 15 
240 31.)0 328 65 35 12 3 3 
4.6 5.1 6.9 5.6 3.7 1.7 1.2 1.6 
15.0 16.2 19.8 15.0 12.5 5.7 4.2 5.7 
30.7 31.6 34.9 37 .3 29.7 29.8 I 28.9 28.2 
--
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somes/ mm.3 in a highly reproductive state, indicated by the standard 
deviation of 5.1 µ and mean length of 24.9 µ. The parasite count for the 
receptor rat showed an upward trend until the twelfth day, two days 
after the last dose of salicylate, then a moderately rapid drop until the 
last flagellates were seen on the ninteenth day. Dividing specimens were 
seen continuously through the seventeenth day. The standard deviations 
wel'e high and the mean lengths low, with two notable exceptions, 
throughout. 
Receptor rat No. 4 ( ~ ) was likewise recovered and trypanosome-
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Fm. 3. Course of infection in receptor rat No. 4. (See explanatory notes under 
Fig. 1.) 
free. The data for this animal and donor rat No. 3 appear in Table 4. It is 
obvious that the population from which the inoculum was obtained was 
in a highly reproductive state. The counts rose until the ninth day, two 
days after salicylate was discontinued, and then dropped precipitously. 
Dividing trypanosomes were seen through the tenth day. The standard 
deviations were high from the third to the eleventh day, when repro-
duction appears to have ceased. 
SERIES Ill 
The receptor rats of this series were not litter mates, and fell into 
three groups under observation at different times. None of them received 
salicylate treatment, but all of them were inoculated i.p. with large 
numbers of trypanosomes from treated donor rats. Receptor rats Nos. 
5 ( ~ ) , 6 ( ~ ) and 7 ( <? ) had no record of T. lewisi infection and weighed 
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TABLE 5 
Receptor Rat o. 5 
(Da ta a fo r Table 1) 
-· 
Donor R eceptor R a t No. 5-Days after inocula tion 
R at No. 4 
4th clay• 1• 2• I 3* I 4 I 5~ ~ I I I 377 260 I 80 . 43 50 140 355 465 I 1.0 8.9 5.7 5. 1 4.1 2.3 2. 1 I 1.5 I 1.0 
~ 30.8 16.5 17.6 12.4 6.8 6.6 I~ 29.0 34.3 29.2 32.7 33.4 31.0  29.6 28.3 0 
--
155-185 g. Receptor rats Nos. 8-15 were recovered and trypanosome-free, 
and of about the same weight. Rats Nos. 5-7 were inoculated i.p. with 
217 X 106, 85 X 106 and 100 X 10° trypanosomes in a high reproductive 
tempo, respectively, in diluted blood from donor rats which had received 
salicylate treatment since the inoculation date. It will be noted (Tables 
5, 6, and 7) that dividing trypanosomes were observed only during the 
first three days of these infections, and that the numbers rose sharply to 
peaks on the fourth (rat No. 5) and third (rats Nos. 6 and 7) days, then 
dropped sharply. The standard deviations were high during the periods 
of reproductive activity, then dropped to lower levels (Fig. 4, 5, and 6). 
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FIG. 4. Course of infection in receptor rat No. 5. (See explanatory notes under 
Fig. 1.) 
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Frc. 5. Course of infection in r eceptor rat No. 6. (See explanatory notes under 
Fig. 1.) 
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Frc. 6. Course of infection in receptor rat No. 7. (See explanatory notes under 
Fig. 1.) 
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TABLE 6 
R ecep tor R at No. 6 
(Da ta as for Table I) 
Donor R ecep tor Rat No. 6-Days after inoculation 
Rat No. 5 
I I I 5th ctar I " 2" 3• 4 6 
.1 30 42 115 320 I 200 I 145 I 
4.9 4.8 5.2 4.6 I 2.5 I 2. l 
l.5.8 18.3 19.4 15.6 8.0 6.6 
30.7 26.0 26.6 29.4 31.3 31.5 
8 
95 
l.8 
5.8 
31.0 
Certain r ecovered rats (Nos. 8- 15) were inoculated at the same time 
as each of the three normal rats, and with the same number of trypano-
somes from the same donor rats. There were two along with receptor rat 
No. 5, three with r .r . No. 6, and three with r .r. No. 7. Wet and stained 
smears from these receptor rats were negative the day after inoculation 
and thereafter. 
Donor 
Kind of R at No.< 
Data 5th dav" 
Trypano-
I somes/ 1,000 ...... 120 
Std. Dev .. .. . .... 6.2 
c. v. % ........ 21.4 
Mea n in µ ... .. . I 28.7 
TABLE 7 
R ecep tor R a t No. 7 
(Data as for Table I) 
Receptor R at No. 7-Days after inocula tion 
1• 2" 3" 4 6 
48 135 380 245 155 
5.4 7.0 4.6 2.0 1.4 
21.8 26.3 16.2 6.5 4.5 
24.7 26.6 28.5 30.5 30.1 
DISCUSSION 
8 
65 
1.4 
4.7 
29.8 
The nature of the experimental data suggests that the discussion be 
developed first about proved phenomena, then about tentative conclusions 
based on the results and, finally , problems suggested for future investiga-
tion. 
The fruitless attempts to reinfect eleven recovered and two near-
recovered (i.e., still harboring adult trypanosomes) rats are recorded 
in the protocols of Series I and II. In these cases the donor rats were 
untreated, while the receptor rats were treated with salicylate. The 
negative results from these inoculations with reproducing trypanosomes 
and those with adult and reproducing trypanosomes mentioned in the 
introductory paragraph prove the improbability or reinfecting recovered 
and near-recovered rats under such circumstances. The possibility is not 
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absolutely precluded, however, because it was shown in the previous 
report (1) that intervention with salicylate in the fifth day of several 
infections, while dividing trypanosomes were still appearing, resulted in 
prolongment of the reproductive phase. Recently we have intervened in 
two rats on the seventh day, while dividing forms were still appearing, 
and with positive results. It is admittedly puzzling that failure to reinfect 
is the rule when dividing trypanosomes from untreated rats are intro-
duced into treated recovered rats. 
The aforementioned protocols also reveal that a certain number of 
salicylate-treated recovered and near-recovered rats became reinfected 
after they were injected with reproducing trypanosomes in diluted blood 
from treated donor rats. It is important to note that the trypanosomes were 
injected in large numbers, and that at the time of transfer the tempo of 
reproduction w~s high. The improbability of reinfecting untreated 
recovered rats by the same procedure is supported by (1) the negative 
results from eight tests in Series III, (2) frequent failure to reinfect even 
treated recovered rats, and (3) the well-known fact that rarely, if ever, 
can an untreated recovered rat be reinfected by injecting it with T. lewisi 
in any stage of its life cycle. 
The course of the reinfection in receptor rat No. 4, which is recorded 
in Table 4 and charted in Figure 3, is clear-cut and understandable in the 
light of our knowledge of the course of a normal primary infection (cf. 
Taliaferro (2, 4)). At the time of transfer the standard deviation of 4.1 µ 
applied to the trypanosomes in the donor rat, but after a day in the 
receptor host the value declined to 2.8 µ , and after another day to 1.4 µ. 
A similar initial drop in the standard deviation was also noted in receptor 
rats Nos. 0, 1, 2, and 3. It did not occur in receptor rats Nos. 5, 6, and 7 
which had experienced no previous infections. It is obvious that despite 
salicylate treatment of both donor and acceptor hosts the trypanosomes 
receive quite a jolt when transferred into the recovered host. It was 
possible by prolonged searching, however, to note actual division ll;l rats 
Nos. 2, 3, and 4 during these early days when standard deviations were 
low, but none could be found in rats Nos. 0 and 1. The cause of the initial 
drop in standard deviation constitutes a problem for future investigation. 
By the third day the standard deviation for the infection in rat No. 
4 had risen sharply to 6.1 µ. Afterwards it remained high until it com-
menced the descent on the tenth day, three days after salicylate adminis-
tration was discontinued. The trypanosome was definitely in the adult 
phase on the twelfth day and the counts became very low. They were 
entirely absent from the blood on the sixteenth day. Thus the reinfection 
in rat No. 4, like the typical primary infections charted by Taliaferro 
(2, 4) , was characterized by the reproductive phase followed in due time 
by the adult phase. In the untreated rats, however, the duration of multi-
plication is limited to the minimum time required for the natural comple-
tion of a host reaction, while in the treated rat it is conditioned by the 
length of the course of treatment plus the time required for the host 
reaction. The continuation of multiplication several days after cessation 
252 E. R. BECKER AND M. G. LYSENKO 
of treatment may be explained by the persistence of the drug in the blood 
and the time required for the reaction product to form after the drug 
level falls. 
The chart for receptor rat No. 3 (Fig. 2, based on Table 3), which 
was dosed with the drug through the tenth day, presents a number curve 
very much in agreement with that for rat No. 4 considering the longer 
duration of dosing, but the curve for standard deviation, instead of 
continuing the drop of the thirteenth day, sharply rose again to a higher 
peak on the seventeenth day. It was on its way down again, however, 
when the infection became practically extinguished on the ninteenth day. 
A similar though much milder phenomenon occurred in rat No. 0. 
Receptor rats Nos. 1 and 2 (Table 2) deserve special discussion. The 
first animal harbored adult trypanosomes at the time it was inoculated, 
and all of the flagellates were definitely of the adult type so far as exten-
sive microscopic observation could determine. This was true through the 
second day after inoculation. But on the fourth, sixth, eighth, and 
eleventh days there were located in the smears a few definite examples of 
the large and small forms characteristic of the reproductive phase, though 
no examples of actual division of cell organelles were seen. The repro-
duction occurring in rat No. 2 was of the adult type previously discussed. 
What would be the course of the infection in untreated rats without 
a record of previous infection if inoculated with enormous numbers of the 
flagellate in diluted blood from salicylate-treated donor rats? Series III 
was designed in large part to answer this question. The data for receptor 
rats Nos. 5, 6, and 7, recorded in Tables 5, 6, and 7, respectively, and pre-
sented graphically in Figs. 4, 5, and 6, definitely depict multiplicative 
phases of short duration. The parasite population had definitely attained 
the adult phase after four or five days. Here is further proof that the 
prolongment of reproduction in the recovered rats was due to the 
administration of salicylate to them rather than to the donor rats. 
Why were most of the recovered rats refractory to reinfection despite 
salicylate treatment? Since, the answer to this question must embody an 
assumption as to the nature of immunity to T. lewisi in the rat, whose 
controversial aspects were discussed in the former paper (1), the expla-
nation offered here must be regarded as tentative. If the Taliaferroan 
doctrine of the formation of separate ablastic (anti-reproductive) and 
trypanocidal antibodies is correct, then the refractory animals may be 
regarded as possessing at testing time a trypanocidal titre too high for the 
introduced trypanosomes to endure, since the salicylate may be presumed 
to have neutralized most of the ablastin. Conversely, the animals success-
fully reinfected did not manifest sufficient trypanolytic titre to destroy the 
large numbers of introduced trypanosomes faster than they could multiply 
with the protection of the salicylate. Receptor rat No. 0 (Fig. 1) is an ideal 
example of a microorganism with near-borderline survival in the face of 
destructive forces, but bravely reproducing over a long period, and finally 
succumbing after the reproductive potential declined following the with-
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drawal of salicylate. Rats Nos. 1and2 (Table 2) presumably were harbor-
ing more extreme but fundamentally similar reinfections. 
The course of the infection in rat No. 3 (Table 3; Fig. 2) agrees with 
the above hypothesis, at least up to about the twelfth day. The chart 
might be interpreted to mean that up to that time the trypanosome was 
multiplying freely and the population was rising not exponentially, but 
in arithmetic progression. The latter implies casualties explainable by 
trypanocidal action. The number curve then fell precipitously until the 
sixteenth day, which is understandable; but standard deviations, after a 
decline on the thirteenth day, rose again until the seventeenth day, then 
commenced to decline. 
Is it necessary to assume that in this case withdrawing salicylate 
released suppressed trypanocidal activity while reproduction continued 
unrestrained? It will be noted that in rat No. 4 (Fig. 3), drop in numbers 
after the ninth day was coincident with drop in standard deviation, as 
would naturally follow the assumption of increasing ablastic activity 
attended by more or less constant trypanocidal activity. The number 
decline on the ninth-tenth ·day from 325,000/ mm.3 to 65,000/ mm.3 
amounted to a crisis. It was in evidence because the tempo of repro-
duction was decelerating. 
The number decline in rat No. 3 from 738,000/ mm.3 to 50,000/ mm.3 , 
however, was of four days' duration instead of a single day, which is in 
agreement with what would logically be expected from the combination 
of a weaker innate trypanocidal mechanism and a parasite population 
that on this account had attained a greater peak. It should also be taken 
into account that the duration of salicylate treatment was three days 
longer in rat No. 3 than in rat No. 4, and that the mechanism of ablastin 
formation may have beeD; more deeply affected than it was in rat No. 4. 
It is also possible that rat No. 3's intrinsic ability to form ablastin was 
weaker. 
The curve for mean length and the fact that actual production was 
last observed in the smears on the tenth day indicate that after salicylate 
was withheld from rat No. 4 on the seventh day the production of the 
small types of trypanosomes (Plate A: 5 and 6) from the larger types 
(Plate A: 8, 1. and 3) slowed down drastically, and the circumstances 
of a peak for length on the tenth day and a number crises on the ninth-
tenth day indicate the selective and efficient slaughter of the smaller 
types and the survival of the large type. 
Actual reproduction, however, was observed in rat No. 3 up to the 
seventeenth, but not on the ninteenth day. The peak for mean length 
on the sixteenth day, the day before the last dividing form was seen, was 
not so high as that for rat No. 4, nor were its ascent and descent so 
precipitous, facts which are in accord with a less efficient and lethal 
trypanocidal mechanism. The last assumption is justified as well by the 
sharper rise in numbers in rat No. 3 as compared with rat No. 4 as by 
the slower decline. (Note: The scale of the ordinate in Figure 3 is twice 
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that in Figure 2.) It appears that it is really the survival of many of the 
smaller types along with the largest types and their very small progeny 
which is chargeable to less efficient trypanocidal action, that is responsible 
for the apparently anomalous standard deviation curve. 
Positive results with new techniques usually suggest more problems 
than they solve, and the present instance is no exception. In the previous 
paper (1) it was suggested, as a working hypothesis, that the reaction-
product which inhibits reproduction in T. lewisi infection is composed of 
a protein moiety in union with pantothenic acid. The reasons stated or 
implied were as follows: 
1. Taliaferro's (5, 6) discovery of the protein nature of the product. 
2. Our former work (7) showing that the anti-reproductive process 
was inhibited in rats on a pantothenate-deficient diet. 
3. The previously reported results showing that the anti-reproductive 
process was inhibited also by the administration of sodium salicylate to 
the host. 
4. The previous work of Ivanovics who noted inhibition of growth 
of Staphylococcus aureus in culture in the presence of sodium salicylate, 
and removal of the inhibition by the addition of pantothenic acid. 
5. Citations to the literature wherein salicylates had been shown to 
play the role of inhibitor in the functions of certain other enzymes, 
namely, zymase, hyalouronidase, etiozymase, cocarboxylase (cf. von 
Euler (8)) and, hypothetically, the specific enzymes which enable bacteria 
to synthesize pantothenic acid. 
The present report contributes the additional information that repro-
duction may recur in immune or near-immune rats following reinfection 
when a certain procedure utilizing salicylates is employed. Thus it might 
be assumed that the reaction product which inhibits reproduction, like 
many enzymes, can be broken down after it is formed. Further and more 
exhaustive testing of the hypothesis as to the nature of the antibody is 
also indicated. 
In fact, the whole problem of the nature of immunity to T. lewisi 
infection needs reinvestigating. The interpretation of our results has 
been, admittedly, Taliaferroan. Augustine's (9) recent work wherein he 
stressed the phagocytosis of dividing and adult trypanosomes after agglu-
tination may indeed be part of the picture in the normal immunizing 
process. Taylor and Becker (10) have discussed the occurrence of agglu-
tination rosettes in infected normal rats and the presence of trypanosomes 
inside Kupffer cells of infected pantothenate-deficient rats. We have 
frequently noted agglutination in the blood of untreated rats; but never 
have we encountered it in infected rats under salicylate treatment, though 
there was incontrovertible evidence of the disappearance of trypanosomes 
from the blood. 
Host-specificity of parasites is still largely in the realm of unsolved 
problems. Om· success in meeting one phase of resistance with salicylate 
offers hope that other aspects of host resistance may be overcome by 
other drugs. 
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In the above discussion of the interpretation of the graphs, it was 
obvious that further study is needed of the significance of mean length 
and standard deviation in relation to each other and to the number curve. 
The salicylate treatment, which seems to practically eliminate the effects 
of the anti-reproductive mechanism on the reproductive cycle, should 
make possible a critical study of the course of infection wherein repro-
duction is unrestrained. 
CONCLUSIONS 
1. Reinfection of recovered and near-recovered rats with T. Lewisi is 
possible in certain cases-providing both the receptor and donor rat 
have undergone adequate treatment with sodium salicylate and the 
inoculation is made with a large number of trypanosomes in the multipli-
cative phase. 
2. The reinfection is characterized by a multiplicative phase whose 
duration is dependent upon the length of the period of treatment. 
3. Reinfections succeed when the reproductive potential released by 
the treatment exceeds the trypanocidal potential of the immune or near-
immune host. 
4. Conversely, refractoriness to reinfection in recovered rats is due 
to the destruction of trypanosomes faster than they can multiply. 
5. Trypanocidal titre is extremely variable among recovered rats. 
6. Clearing the blood of T. Lewisi during recovery and immunity to 
reinfection would not be the universal rule if the trypanocidal mechanism 
of the host were not complemented by an anti-reproductive process. 
7. The multiplicative phase in normal untreated rats injected with 
rapidly reproducing trypanosomes from salicylate-treated hosts is 
definitely limited by the host reaction and is of short duration. 
8. The results obtained conform in general with the Taliaferroan 
theory of dual antibodies, but further investigation is suggested to com-
pose this and the Augustinian points of view. 
9. Success in breaking down one phase of host-resistance offers 
encouragement for a broader attack on the problem of the nature of 
host-specificity. 
10. Adult trypanosomes may undergo fission in reinfections of 
recovered rats when the release from the anti-reproductive process is 
approximately the minimal for permitting reproduction and trypanocidal 
efficiency is only near maximal. 
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The ability of corn plants to resist stem breakage is an important 
factor in the selection of lines for commercial production. The study of 
stem rots and the extension of the range of the corn borer in the Corn 
Belt in recent years have emphasized the desirability of selecting stiff-
stalked corn varieties which undergo less breakage even when infected. 
Factors that may contribute to stem strength are: the number of 
bundles in relation to stalk diameter, bundle area in relation to stalk 
diameter, the radial width of the epidermis, the radial width of the 
hypodermal sclerenchyma, the width of the band of lignified parenchyma 
extending inward from the hypodermis, and cell wall thickness in the 
foregoing tissues. The present study was designed to measure these 
structural features, to evaluate the importance of various strengthening 
tissues, and to develop methods for further studies of stalk strength. 
REVIEW OF PERTINENT LITERATURE 
The development of the tissues of the bundle sheaths and the hypo-
dermis of the maize stem has been described by Esau (2) , who stated 
that the sheath is differentiated early in the course of bundle develop-
ment. The peripheral cells divide anticlinally as the bundle increases in 
circumference. On the protozylem .side and on the bundle flanks, the 
number of cell layers increases QY periclinal divisions. Divisions both 
inside and outside the original sheath layer increase the thickness of 
the sheath at the protophloem side of the bundle. Esau points out the 
lack of developmental distinction between the bundle sheath and the 
adjacent tissues. A sheath cell may be the sister cell of a xylem element, 
or a sheath cell may be added by divisions of adjacent parenchyma cells. 
Hypodermal cells are initiated by lon~itudinal divisions of the subepider-
mal parenchyma. This process begins when the sheath at the protophloem 
side of the bundles is being thickened. 
' Contribution from the Botany and Plant Pathology Section and the Farm Crops 
Subsection, Iowa Agricultural Experiment Station, Ames, Iowa, and the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, Soils and Agricultural Engineer-
ing, Agricultural Research Administration, United States Department of Agriculture, 
Cooperation. Journal paper No. J-1549 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project 182. 
The author wishes to express her appreciation to Dr. John E . Sass and Dr. George 
F. Sprague who suggested the problem and assisted during the study, and to Dr. 
William L . Brown of the Pioneer Hi-Brea Corn Co., who furnished some of the plants. 
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Weaver (13) stated that three days after planting, vascularization 
consisted of provascular strands only. At fifty-eight days, .vascular 
bundles were completely differentiated in all internodes halfway up the 
stem. Weaver also found that at maturity a given line of maize had a 
characteristic bundle size, at least in the lower two-thirds of the stem. 
Weaver's findings agree with those of Hershey (6 and 7) , who report-
ed that the majority of the bundles are differentiated forty days after 
planting. The number of vascular bundles in the corn stalk ranges from 
400 to 950, depending on the line, the stalk diameter, the height of the 
stem, and the age of the plant. Hershey found a "significant correlation 
between the diameter of the stalk and the number of vascular bundles. 
The number of bundles in the r ind or lignified area is approximately one-
half the total number of bundles in the stem. The vascular elements in the 
smaller peripheral bundles are reduced in size .and number. 
The relation between stem histology and stem strength has been 
studied in several important grasses. In the literature on the subject, 
several different views of the value of histological features as an index of 
lodging resistance are represented. Divergent opinions are also held with 
respect to mechanical methods of testing lodging resistance. 
A histological study of stalk-breaking in maize was made by Hunter 
and Dalbey (8) in an attempt to find a method of anticipating stalk 
weakness in inbred lines. Studies made at various stages in the life of 
the plant showed that the stalk of the nearly mature plant was the most 
satisfactory for examination of the tissues that contribute to stalk strength. 
Young plants showed no consistent significant differences which correlat-
ed with stalk-breakage in the mature plant. Thick bundle sheaths, thick-
walled sub-epidermal sclerenchyma, and angular, close-fitting cells 
characterized stiff-stalked lines. Thin walls, narrow bundle sheaths, and 
large intercellular spaces were consistent feat~res of weak stalks. In 
general, histological structure gave an accurate indication of the relative 
degree of stalk-breakage in the field. 
McRostie and MacLachlan (10) found that in some maize hybrids 
the extent of lignification beyond the rind and the number of vascular 
bundles within this lignified area were definitely correlated with lodging 
resistance. Tests were made to determine the resistance of the internode 
to l:reaking, crushing, and penetration. The crushing response was cor-
related with lodging resistance. 
Khanna and Panje (9) investigated the anatomy of the sugar cane 
stalk in relation to rind-hardness. Rind-hardness was determined by 
puncturing the second joint above ground level. The number of vascular 
bundles per unit area and the degree of lignification of the rind paren-
chyma and of the sheath cells were found to be the most important indi-
cators of hardness. The term "bundle complex" was used to include the 
number, size, and degree of lignification of the vascular bundles. Lignifi-
cation of the sheath did not contribute to stiffness when not accompanied 
by li.gnification of the parenchyma cells between the outer rows of 
bundles. 
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Histological investigations of the culms of small grains have been 
somewhat more extensive than studies on corn. Moldenhawer, as cited 
by Garber and Olsen (3), studied wheat and barley and found that there 
was less lodging in stems that had more vascular bundles. Garber and 
Olsen also quoted the work of Albrecht, who accepted breaking strength 
as a lodging index, and found correlations in winter wheat between 
breaking strength and the weight of straw, total area of a cross section 
of the vascular bundles, and thickness of culms. Albrecht found little 
correlation between lodging and the thickness of the sclerenchyma. 
Contrary to these early reports, Garber and Olsen (3) found that 
in barley no marked relation occurs between lodging and average culm 
diameter, average thickness of culm wall, average total area of bundles, 
or average area of sclerenchyma near the periphery of the culm. A cor-
relation between lodging and the thickness of sclerenchyma cell walls was 
reported in oats but not in barley. Stiff-stalked plants of spring wheat 
had more bundles, more sclerenchyma, and a higher total bundle area 
than did the weak stalks. The reverse was found to be true of winter 
wheat. Percival (11) related straw strength in wheat chiefly to the thick, 
lignified walls of the hypodermis. 
In oats and wheat, Welton and Morris (14) associated lodging with 
hypernutrition, which produced low dry matter content, thin-walled 
cells and a narrow zone of hypodermal tissue. Lodging was found to be 
prevalent when there was a preponderance of vegetative growth. 
Ramiah and Dharmalingam (12) studied lodging in rice and found 
no relation between lodging and the number and size of the vascular 
bundles, the size of air spaces, or the thickness of the layer of 
sclerenchyma on the inner sides of the bundles. Erect plants had a 
greater internodal diameter and thicker culm walls. The authors con-
cluded that no single factor can be used as an index of lodging-resistance. 
Brady (1) studied three varieties of oats representing extremes of 
lodging susceptibility. The strongest straws had more bundles, a wider 
band of thick-walled, lignified tissues, and thicker sclerenchymatous cell 
walls than did the intermediate and weak lines. However, sclerenchyma 
wall thickness was the only character that showed a consistent relation to 
culm stiffness. Wide spacing of plantings seemed to produce character-
istics associated with lodging resistance. On the basis of these results 
Brady concluded that no histological character could be taken as an 
absolute index of lodging resistance. Brady also stated that external 
features of the lower internodes furnish as good evidence of lodging-
resistance as measurements of internal features. 
Hamilton ( 4) reported that in oats the most reliable criteria of 
lodging were plant height, culm diameter at the second internode, and 
the size and number of vascular bundles. Many characters which were 
regarded by other workers as possible lodging indices were found by 
Hamilton to show inconsistent correlations with lodging susceptibility. 
Some unreliable characters were the width of the sclerenchyma layer and 
the width of culm walls. The most clear-cut lodging index was the number 
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of bundles in the parenchyma area, which was much greater in strong 
straws than in weak. 
MATERIALS AND METHODS 
The plants used in this study were obtained from the Agronomy 
Department of Iowa State College. The lines were L289; L289 (B2), a 
recovered strain of L289 having Indiana B2 as the nonrecurrent parent; 
507, a five generation line isolated from a stiff-stalk synthetic; (WF9 x 
Dl 7) -561, a five generation inbred isolated from a single cross involving 
WF9 and Doubit 17. 
Stalk-stiffness was estimated on the basis of field behavior over a 
period of years, as judged by experienced field workers. L289 is weak-
stalked. L289(B2), 507, and WF9 are classed as having stiff stalks. Dr. 
G. F. Sprague proposed the use of L289(B2) in this study because of its 
relative resistance to lodging when infected by DipLodia zeae. 
Ten well-developed plants of L289 and five plants of the other three 
lines were collected September 24, 1945. Three transverse sections about 
one-fourth inch thick were cut from the first free internode, the first 
internode that was not anchored by prop roots. Three sections were also 
taken from the second free internode. These sections were fixed in F. A. 
A. 
Segments approximately one-eighth of the stalk area were cut from 
each of the three first internode sections and dehydrated in an ethyl 
alcohol-normal butyl alcohol series, with frequent aspiration. Normal 
butyl alcohol containing 5 per cent chloroform was used as the wax 
solvent. The tissues were infiltrated with Parawax and embedded in 
Tissuemat. 
The embedded blocks were prepared for sectioning by soaking in 
water at 35° C. for twenty-four hours. Cross sections were cut fifteen 
microns thick, and stained in hemalum and safranin. 
Measurements were made with a 7.5x eyepiece micrometer and lOx 
and 45x objectives. Twenty bundles were measured in the rind of each 
plant of a collection to determine the average bundle size for each line. 
The following measurements were made for each plant: 
1. radial and tangential diameters, including the sheath, of ten vascular 
bundles in the rind; 
2. radial and tangential diameters of ten sheath cells and cell lumens; 
3. width of the hypodermal zone and number of cells in ten random 
areas; 
4. radial and tangential diameters of ten hypodermal cells, ten epider-
mal cells, and ten parenchyma cells of the rind, and of cell lumens; 
5. five random measurements of the width of the band of lignified 
tissue extending inward from the epidermis through the lignified 
parenchyma. 
The percentage of the cell wall per cell was calculated from the 
formula employed by Hanson (5) in her work with fibers. 
Stalk diameter measurements were obtained from the first internode 
in all the plants of the four lines studied. 
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Projection drawings of sections were made at a magnification of 
approximately 27x. The number of vascular bundles in comparable areas 
of the stem was determined by counting the bundles in a segment based 
on a fifteen degree angle at the stalk center and extending inward from 
the epidermis one-fourth of the radius of the stem. This segment was 
designated Area I and covered approximately 1.8 per cent of the total 
stalk area. Area II, which was included in Area I, extended inward from 
the epidermis only one-eighth of the stalk radius and covered approxi-
mately 1.0 per cent of the stem area. Area II included only rind, while 
Area I also included some pith. 
The bundle area and bundle numb~r per unit area were determined 
by making projection drawings on 1 mm. squared paper. A sample of 
each sheet was weighed for use as a standard. The cutout Areas I and II 
were weighed. The bundles were then cut out of Area II and weighed. 
Finally, the bundles from the entire segment of Area I were weighed. 
Bundle number per square millimeter and percentage of bundle area 
per section were calculated by the method described by Weaver (13). He 
stated that although areas computed in this manner were not very accur-
ate as absolute values, they appeared valid for use in comparing lines. 
The percentage of bundle sheath per bundle was found by making 
drawings with a micro-projector at a magnification of 120x. Three groups 
of three successive bundles from the epidermis inward were measured. 
Measurements of total bundle area and the area of vascular tissues in 
the bundle were made with a planim.eter. 
The total number of bundles per section was found by cutting thin 
sections one-sixteenth of the stalk area and counting the bundles present. 
Preliminary observat10ns were made on a few lines obtained from 
the Pioneer Hi-Bred Corn Company, in particular the weak-stalked line 
A99 and two stiff-stemmed Jalisco flints. 
OBSERVATIONS 
Data on stalk breakage were obtained from field trials conducted by 
the corn breeding project over a period of years. Line L289 has been 
ranked as susceptible to breakage. The other three lines-L289 (B2), 
507, and WF9-are ranked as resistant to stalk-breakage. 
In the collections made for the present study the average stalk 
diameter of the first free intern ode was found to be greatest in line 507. 
WF9 ranked next and L289 (B2) and L289 showed little difference in 
average stalk diameter (Table 1). 
The weakest-stemmed line, L289, had the highest bundle number. 
The stiffest line, 507, had the smallest number at the first free basal 
internode. 
The percentage of bundle area was determined in two areas 
previously described as Area I and Area. II. L289 ranked highest in the 
percentage of bundle area per section (Table 1). 
The number of bundles per square millimeter was also determined 
in the designated two areas. L289 had the highest number of bundles per 
square millimeter in Area I. L289 (B2) had the highest number of bundles 
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per square millimeter in Area II (Table 1). There was a significant 
difference in the number of bundles per square millimeter between 507 
and WF9 and between these lines and L289 and L289 (B2). There was 
no significant difference in bundle number per square millimeter between 
L289 and L289 (B2) . 
TABLE I 
DI MENSIONS OF STALK JN R ELATION TO B UN DLE NUMBER AN D R ELATI VE B UN DLE AREA 
Average 
Sta lk Bundles Per Cent Bundle Area Bundles per mm.' 
Line Diameter per I 
in cm . Section Area I Area lT Area I Area II 
L289 (Weak) . . . . . .. 2.3 774.4 24.93 30.28 3.93 5.24 
L289 (B2) (St iff) .. . . 2.2 696.8 21.32 27 .33 3.90 5.45 
507 (Stiff) . ........ . 3.5 624.0 18.96 23.52 l.62 2.09 
WF9 (Sti ff) . .... . .. . 3.0 736.0 18.38 24.32 2.38 3.57 
Leas t significant 
diffe rence, 5 per 
cent level 0.62 1.03 
The histological details of the maize stem are too well known to 
require detailed description here. The arrangement of bundles in relation 
to the epidermis and hypodermis is shown in Figures 1-4. Enlarged details 
of the tissues that contribute most to stalk stiffness are shown in Figures 
5 and 6. 
Microscopic observations indicate that 507 is strikingly different 
histologically from the other three lines. The vascular bundles are larger 
and the cell walls are lignified throughout the section (Fig. 4) . This 
contrasts especially with L289 and L289 (B2) which have clearly delimited 
bands of unlignified parenchyma at the stalk periphery (Figs. 1 and 2) . 
Line 507 has no continuous band of unlignified parenchyma adjacent to 
the hypodermis, such as is found in the other three lines. 
L289 and L289 (B2) are similar histologically. The cell walls in the 
rind are not greatly thickened in these two lines. WF9 is similar to L289 
and L289 (B2) with respect to the width of the lignified zone, but in WF9 
the cell walls in this zone and in the bundle sheaths are very thick (Figs. 
3, 5, 6) . 
T ABLE 2 
DIMENSIONS OF B UN DL ES AN D R ELATIVE P ERCENTAGES OF B UN DLE SH EATH (SCLERENCHYMA) 
Bundle Dimensions in mm . 
Per Cent Sheath Per Cent Shea th 
L ine R adia l Ta ngenti al per Bundle per Section 
L289 (Wea k) ...... .24 .23 67.72 15.88 
L289 (B2) (Sti ff) . . .22 .22 69.05 14.72 
507 (Stiff) ... . . . . . .42 .35 78.49 14.88 
WF9 (Stiff) . .. . .. .26 .28 70.09 12.08 
~ 
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Three of the lines did not exhibit much difference with respect to 
bundle size, but 507 had markedly larger bundles. L289 had the highest 
percentage of sheath per section (Table 2). 
The rind is defined here as the tough zone that includes the epidermis, 
FIG. 1. Cross section of stem of maize, 
line L289. 48x. 
FIG. 3. Line WF9. 
FIG. 2. L289 (B2) . 
FIG. 4. Line 507. 
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FIG. 5. Details of epidermis and sub- Frc. 6. Detail of margin of a bundle and 
epidermal tissues of WF9. 320x. adjacent tissues of WF9. 320x. 
hypodermis, and all vascular and nonvascular tissues through the lignified 
portions of the pith parenchyma. Lines 507 and WF9 had significantly 
thicker rind and hypodermis. Only line 507 had a significantly thicker 
epidermis, and the number of cell layers comprising the hypodermis was 
significantly different between L289 (B2) and WF9 (Table 3). 
T ABLE 3 
T lll CK . ESS OF COMPONENTS O F T ll E " RI ND" 
T hickness of T h ickness of Layers of 
Line T hi ckness of H ypodermis Epidermis Cells in 
"Rind " in mm . (mi crons) (microns) H ypoclermis 
L289 (Weak) . ... . . . 1.1 3 21 .23 14.53 l.Y 
L289 (B2) (SLiff) . . . .. 1.21 17.77 13.95 1.7 
507 (S tiff) ..... .. .. . 2.57 26.53 16.45 1.9 
W F9 (St iff) . ........ 1.49 31.42 14.02 2.2 
Leas t sign ificant di f· -
fe rence a t 5% level .. 0.19 4.82 1.40 
I 
0.29 
Cell wall thickness showed no consistently significant correlations in 
the four lines. Epidermal cell walls showed significant differences only 
between WF9 and L289 (B2) . The stiff-stalked line WF9 had significantly 
thicker cell walls in hypodermis, sheath, and parenchyma. (Table 4.) 
In each of the four tissues listed in Table 4, WF9 showed a consistently 
higher percentage of cell wall per cell than the other three lines. Only 
WF9 differed significantly from the other three lines in cell wall percent-
age in the epidermis. In the sheath cells and in the parenchyma there 
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were significant differences in percentage of cell wall between all lines 
but L289 and L289 (B2). The hypodermis of WF9 was not significantly 
different from that of the other lines. 
TA BLE 4 
CELL WALL T lllCKl\ESS AN O PERCENTAGE OF CEL L W ALL P ER CELL 
Cell Wall T hi ckn ess in Microns Per Cent Cell Wall per Cell 
Ep ider · H ypo- Pa ren- Epider - H ypo-
I 
Paren-
Line mis dermis Sheath chyma mis dermis Shea th chyma 
L2 9 (Weak) 3.4 1 3.79 3.63 2.91 63.38 77 .20 69.77 28.95 
L289 (B2) (Sti ff) 2.99 3.20 3.52 2.05 56.97 82.49 71.0l 28.64 
507 (Sti ll) ..... 3.54 3.5 1 2.76 2.74 57.52 68.57 ~8.8 1 19. 19 
WF9 (S ti ff) ... 3.95 5. 17 5.76 5.22 74.74 88.79 88.16 47 .79 
Leas t sign ifi ca nt 
d ifference at 5 
per cen t level .. 0.73 0.68 0.9 l 0.98 8.36 7.13 '1.62 7.13 
DISCUSSION 
The present study was limited to the peripheral regions of the stem. 
Preliminary observations showed that the interior tissues of the stalk 
are only slightly lignified in most lines, and the bundle sheaths are 
narrow and thin-walled. The parenchymatous pith probably contributes 
little to the strengthening of the stalk. The rind, on the other hand, is 
characterized by thick-walled parenchymatous cells and small bundles 
with large, thick-walled sheaths. 
In the two peripheral areas described earlier, the relation of bundle 
number to stalk strength is nearly identical. Bundles per square milli-
meter and percentage of bundle area per section are somewhat higher 
in the outer eighth of a sector than in the outer fourth . The lodging-
resistant stalks have the lowest percentage of bundle area per section. 
WF9 and 507 are very similar in percentage of bundle area per section. 
WF9 and 507 have the lowest number of bundles per square milli-
meter in both areas. There is little difference in bundle number per 
square millimeter iri. L289 and L289 (B2) . 
High bundle number is not consistently related to stalk strength in 
corn, as shown by L289, a weak-stalked line, which has the greatest 
number of bundles in the first free internode, whereas breakage-resistant 
line 507 has the lowest bundle number, and WF9 is intermediate between 
L289 and L289 (B2). 
Bundles in 507 are considerably larger than those of the other lines. 
This explains the fact that although 507 has a low total bundle number, its 
percentage of bundle area per section is equal to that of WF9. 
Hamilton ( 4) found that the radial diameters of vascular bundles 
in strong varieties of oats were significantly greater than in weak-stalked 
lines. Width of bundles did not show a significant variation between 
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weak and strong plants. In the corn plants examined, bundles in stiff 
stalks-with the exception of L289 (B2)-have greater radial diameters 
and are wider than the bundles in weak-stalked plants. However. the 
size difference is significant only in line 507. 
Stalk diameters, which were found by other workers to be correlated 
with lodging in all grains studied except barley, are larger in stiff-stalked 
lines WF9 and 507. L289 (B2) has a slightly smaller stalk than does weak-
stalked line L289. Hershey (6) reported that in the material he studied, 
bundle number was highly correlated with stalk diameter. In the present 
study, line 507, with the greatest stalk diameter, has the lowest bundle 
number. WF9, which has a stalk diameter considerably greater than those 
of L289 and L289 (B2) , ranks between these lines in total bundle number. 
Closely associated with bundle number and bundle area is the per-
centage of sheath per bundle. The stiff-stalked lines have the highest 
percentage of sheath per bundle. L289, although somewhat lower in per-
centage of sheath per bundle than other lines, is still highest in percentage 
of sheath per section, due to the high percentage of bundle area per 
section. Stalks of 507 have a high percentage of sheath per bundle and 
rank second in percentage of sheath per section. WF9 stalks are not 
appreciably higher in percentage of sheath per bundle than L289, and 
stalks of WF9 have the lowest percentage of sheath per section. 
The thickness of cell walls in the sheath is an important factor in 
determining the strengthening qualities of the sheath. The very thick 
sheath cell walls of WF9 probably compensate for the low percentage 
of sheath per section. In 507 the sheaths are large, but the cell walls are 
thin. Sheath cell walls of 507 are thinner than those of L289 and L289 
(B2) . This does not agree with the conclusions of Hunter and Dalbey (8) , 
who found sheath cell walls thicker in stiff-stalked lines than in the weak-
stalked lines. 
In wheat, oats, sugar cane, and corn the thickness of cell walls in 
hypodermis, sheath, and parenchyma was found to correlate with stiffness 
of stalk. In the present study, cell walls did not show a consistent relation 
to stalk strength. 507 has thinner cell walls in sheath, hypodermis, and 
parenchyma than does L289. The extremely thick cell walls of WF9 are 
one of that line 's outstanding features . WF9 has the highest percentage of 
cell wall per cell in the above tissues. Percentages of cell wall per cell do 
not correlate with stalk strength. 
The area of hypodermal sclerenchyma was found to correlate with 
lodging in spring wheat, sugar cane, and winter wheat. No such correlation 
was found in barley, rice, and oats. In the four lines of corn studied, the 
width of the hypodermal zone does not correlate with stalk-stiffness. The 
strong-stalked lines 507 and WF9 have a broader zone of hypodermal 
tissue and a somewhat greater number of hypodermal cells than the other 
two lines. L289 (B2), however, has a narrower hypodermal zone than 
does L289. The radial width of the epidermal cells does not show a consis-
tent relation to stalk strength. WF9 is intermediate in epidermal width 
between L289 and L289(B2). Line 507 has a considerably wider epi-
STEM STRENGTH OF ZEA MAYS 267 
dermis than the other three lines, and also a much wider total lignified 
area. The extent of lignification of parenchyma cells, even in the pith, is 
one of the striking characteristics of line 507. In measuring this zone, the 
inner limit of the lignified tissue was set at the point where parenchyma 
cells show an appreciable decrease in the density of the safranin stain. The 
extent of lignified tissue shows a consistent relation to lodging in the 
other three lines. 
In the group of ten Pioneer lines on which preliminary examinations 
were· made, A99, a weak-stalked line, had the highest number of vascular 
bundles per square millimeter and the thinnest cell walls in most tissues. 
The Jalisco flints, two of the stiff-stalked lines, had the lowest bundle 
number per square millimeter, and they had thick-walled cells and a wide 
zone of hypodermal sclerenchyma. The more contrasting lines merit fur-
ther study with adequate samples. 
SUMMARY 
Four lines of maize were examined to determine the correlation 
between histological characters and stalk-stiffness. Line L289 is weak-
stalked. The other three lines, L289(B2), 507, and WF9, are classed as 
stiff-stalked on the basis of observations of stalk-breakage in the field. 
L289 (B2) does not appear to differ morphologically from L289. The 
non-breaking quality of the stalk of L289(B2) is attributed to resistance 
to Diplodia damage. 
The stiff-stalked lines 507 and WF9 have the greatest stalk diameter 
of the four lines. 
The lignified "rind," which extends from the epidermis through the 
lignified zone of pith parenchyma, was found to be significantly wider in 
the stiff-stalked plants. 
Weak-stalked plants have the highest percentage of bundle area 
and the highest number of bundles per square millimeter in the rind. 
The percentage of sheath per bundle is greatest in the stiff-stalked 
plants. However, weak-stalked line L289 has the highest percentage of 
sheath per section. 
Cell wall thickness in the epidermal cells is associated consistently 
with stalk-stiffness in 507 and WF9. No correlation was found between 
stalk-stiffness and cell wall thickness in sheath, · parenchyma, and hypo-
dermal cells. Percentage of cell wall per cell does not correlate with 
stalk strength in any of the foregoing tissues. 
The stiff-stalked lines, except L289 (B2), have a significantly wider 
band of hypodermal sclerenchyma. The number of layers of hypodermal 
sclerenchyma cells from the epidermis to the parenchymatous tissue is 
not consistent with stalk-stiffness. 
Radial width of the epidermis is not consistently related to stalk 
strength. 
Morphological characters that show a consistent relation to stalk 
~trength are a low bundle number per square millimeter in the rind, a 
high percentage of sheath per bundle, a large stalk diameter, and a wide 
• 
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lignified zone. Stalk stiffness is probably determined by a combination of 
morphological characters, interacting with pathological factors. 
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RUNOFF WATER AS AN AGENT IN THE LOSS OF SOLUBLE 
MATERIALS FROM CERTAIN SOILS1 
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Plant nutrients and other solutes are lost from agricultural soils in 
several ways: harvested crops, organic solutes, and nitrogen by oxidation 
and denitrification; organic and inorganic solutes in drainage water as 
a result of soil leaching, and solutes in runoff water. These losses may or 
may not be accompanied by a proportionate loss of soil. 
The removal of plant nutrients and other soluble materials from soil 
in runoff water has been studied less extensively than have the other 
types. Some analyses are available on seasonal composite samples of run-
off water which furnish valuable but limited data on the amounts of 
soluble material that may be lost therein (8) (11), and some information 
is available from the analyses of individual runoffs (20). The specific 
causes of variation in the amount and concentratio!} of solutes in runoff, 
therefore, have been largely a matter of conjecture. In the present in-
vestigation individual runoffs have been analyzed in order to determine 
more exactly these causes of variability. 
An attempt has been made in the present study also to compare 
solution losses occasioned by runoff with those occurring as the result of 
leaching. It seems obvious that such a comparison should be made. Most 
lysimeters, however, have been constructed to eliminate runoff (19). 
Similarly erosion and runoff experiments are not ordinarily equipped to 
collect drainage water, nor were the field installations in the present 
investigation so equipped. However, a less satisfactory alternative was 
available. Soils of the type on which the erosion plots at the New York 
Agricultural Experiment Station at Geneva are located have previously 
been used in well-known lysimeter investigations, the results of which 
may therefore be assumed to bear a relationship to the present study. 
Ontario loam soil (heavy phase) was used in the Geneva lysimeter studies 
of Collison et al. (5) (6), and the closely associated Dunkirk silty clay 
loam was used in part of the lysimeter investigations of Lyon, Bizzell, 
et al. (2) (23). 
'This work was done under joint cooperation between the New York State 
Agricultural Experiment Station, Geneva, New York, and the Office of Research, 
Soil Conservation Service, United States Department of Agriculture. 
2 Assistant Chemist, National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland; formerly Assistant Soil Technologist, Soil Conserva-
tion Service, College Park, Maryland. 
3 Senior Soil Conservationist, Soil Conservation Service, College Park, Maryland. 
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REVIEW OF PREVIOUS WORK 
A search of the literature shows that few independent investigations 
have been made of solutes in runoff water. 
Duley reports the analysis of composited samples of runoff water 
collected over a one year period from erosion plots of the Missouri Agri-
cultural Experiment Station (11) (25). He found that calcium and sul-
phur were lost in larger amounts than any of the other elements 
determined. The loss of potassium was relatively small, but in some 
cases amounted to more than would ordinarily be applied in commercial 
fertilizer. The losses of magnesium, sodium, and phosphorus were too 
small to be of practical agricultural significance, and those of nitrogen 
were not great. 
Daniel, Elwell, and Harper (8) determined the nitrate nitrogen con-
tent of runoff water from the Vernon fine sandy loam soil of the control 
erosion plots at the Soil Conservation Service Experiment Station at 
Guthrie, Oklahoma, during the period 1930-37. Annual averages of the 
amounts lost ranged from 1.19 pounds per acre from a desurfaced plot 
in continuous cotton to 0.01 pounds per acre from a virgin woods plot. 
The. quantity of nitrate nitrogen removed in runoff water was more 
closely related to the percentage of runoff than to the amount of soil 
lost. Daniel found that the average annual nitrate nitrogen in rainfall, 
0.98 pounds per acre, was considerably greater than that removed by 
runoff water from all plots except the desurfaced area, and concluded 
that nitrate nitrogen is not removed from the surface of that particular 
soil in large amounts by erosion. 
Keiller, in Ceylon, determined losses of ammonium sulphate in run-
off water from a rubber plantation during rains at varying times after 
fertilizer application (16). Plots were laid out on red laterite soil of 
moderate slope and were fertilized with ammonium sulphate at the rate 
of 448 pounds per acre. His work on desurfaced hard fallow covered a 
period of 34 days. During this time, six heavy showers of high intensity 
and relatively short duration occurred, with intervening periods of dry, 
hot, windy weather. The net equivalent of 1.15 pounds of ammonium sul-
phate per acre was lost from four of the six runoffs. On other plots on 
reasonably well forked rubber land, Keiller reports even smaller losses 
of ammonium sulphate. He concluded that "little loss of ammonium 
sulphate takes place by surface wash even from unforked and very 
hard laterite soil unless the runoff is very rapid." The rate of runoff 
appeared to be the important factor. 
Kohnke (20) and Hickok (21) report analyses of runoff water from 
soils at Purdue Agricultural Experiment Station, Lafayette, Indiana, but 
their data are not directly comparable with the results of this study. They 
used watersheds of varying size, all more than one acre in area; runoff 
water samples were collected at first manually at given intervals during 
a runoff, and later by an automatic aliquot runoff sampler. The runoff 
water appeared to include indeterminate proportions of subsurface seep-
age and percolate waters. Finally, their samples were first digested with 
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hydrochloric acid on a steam bath before filtration so that the filtrate used 
for analysis included both exchangeable and dissolved ions. Losses in 
runoff would logically be expected to considerably exceed those found 
in this study despite the similar nature of the soils at both stations. 
OUTLINE OF INVESTIGATION 
Chemical analyses were made of approximately 185 separate runoff 
water samples from eight erosion plots. The samples were aliquots of all 
of the thirty-nine rains or thaws that caused runoff during the thirteen-
month period March 1, 1938, to March 31, 1939, inclusive. As soon as 
possible after each rain or thaw an aliquot of the runoff from each plot 
was collected and then filtered through Pasteur-Chamberland filter 
candles under suction. 
The filtrate was always clear and non-opalescent, although occasion-
ally of yellowish hue due to organic solutes. It was assumed to contain 
only solutes in approximately true solution. Therefore, it was expected 
that the amounts of soluble materials present would be less than those 
reported where the filters used might have been coarser or where the 
water samples had been treated before filtration.4 
Filtration usually required from 2 to 12 hours for completion. In a few 
cases the runoff water remained in contact with the soil it contained for 
more than 24 hours. Previous investigations of the soil solution (3) (4) 
(24) (28) show that the longer periods of contact of soil and water did 
not materially affect the concentrations of solutes in solution. The con-
clusion was supported in the present investigation by a series of conduct-
ivity measurements (9). 
The total volume of runoff water was measured at the tanks in con-
nection with a concurrent investigation of soil and water losses. 
In preparation for analysis, the main body of the filtrate, 1,000 to 
8,000 ml., was reduced by evaporation in large beakers to about 50 ml. 
The concentrate was then transferred to a platinum dish to be dried, 
weighed, and ignited. Most determinations were made on the ignited 
residue. A complete transfer, including the viscous coating that tended to 
accumulate on the beaker bottom, usually required the use of a few drops 
of hydrochloric acid. Frequent effervescence at this point. indicated the 
presence of carbonates and bicarbonates, as would be expected in runoff 
water from soils derived from calcareous glacial parent materials. 
In general, standard methods of analysis were used (1) (26). Calcium, 
magnesium, sulphur, and potassium were determined gravimetrically. 
Sodium was determined only approximately by difference from the weight 
of the double chlorides _of sodium and potassium. 
•Duley (11) removed suspended material from the runoff water samples by 
clay filters. Daniel et al. (8) flocculated the suspended matter with copper sulphate 
and sodium hydroxide. Kohnke (20) states that runoff samples received concen-
trated hydrochloric acid up to one per cent volume and were then digested on a 
steam bath in order to flocculate the colloids and to replace the cations so that 
the exchangeable ions could be included with the dissolved ions; the solids. were 
then filtered off. 
TABLE I 
CROPPI NG AN D TREAD!ENT OF GENEVA EROSI01 PLOTS 
Ontario Loam, Slope 8 Per Cent to Northeast 
Plot I Plot 2 Plot 3 Plot 4 Plot 5 
Cover. . . . . . . . . . . Red dover Winter rye to Alsike clover Soybeans sown Fallow 
broadcast 
Planting date . ... 
Growth . . . . . . . . . . Fair 
Spading date .. .. 
Cullivation 
dates ... . ... .. . 
Fertilization 
Rate . ........ . 
Date applied .. 
Prior fertili -
zation ... . .... . 
Prior cover. . . . . . Red clover 
fay 18; sum-
mer fallow to 
Oct. 
September 30 
Fair 
May 18 
May 19; June 
7, 24; July 14; 
Aug. 4, 23; 
Sept. 29 
5-10-5 
500 lbs / acre 
June 7 
5-10-5 
annually, 
1935-37 
'-\Tinter rye, 
summer fa!-
low 
Weedy 
. . . . . .... 
Alsike clover 
June 6 
Good 
May 26 
.. ... . . . . 
5-10-5 
500 lbs / acre 
.June 6 
5-10-5 
annually, 
1935-37 
Soybeans; 
stalks left 
over winter 
. ....... . 
. . . . . . . . . 
April 20 
May 19; June 
7, 24; .July 14; 
Aug. 4, 23: 
Sept. 30 
5-10-5 
500 lbs / acre 
June 7 
5-10-5 
annually, 
1935-37 
Fallow 
Plot 6 
Bluegrass 
. . . . . ... . 
Good 
. . . . . . . . . 
. ... . ... . 
. . . ... . .. 
Bluegrass 
Dunkirk Silty Clay Loam , 
Slope 5 Per Cent to Southeast 
Plot 7 
Fallow 
. .... . .. . 
. ........ 
April 20 
Apr. 28: 
17, 31 ; 
23; July 
Aug. 3, 
Oct. 3 
5-10-5 
annuall y, 
1936-37 
Fallow 
May 
June 
20; 
22; 
Plot 8 
Sweet corn af-
ter alfalfa 
June 9 
Good 
April 27 
Apr. 28; May 
17, 31 ; .June 9, 
30; July 6, 20; 
Aug. 3 
5-10-5 
500 lbs / acre 
.June 9 
Alfalfa 
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Total nitrogen was determined by a modification of standard proce-
dures (10) (12). A 400 ml. aliquot of the runoff water filtrate was placed 
in a Kjeldahl flask and rendered alkaline with 3 ml. of 35 per cent sodium 
hydroxide. About 0.5 gms. of Devarda's alloy and a small piece of paraffin 
were added. The ammonia already present and that resulting from the 
reduction of nitrates was distilled into 50 ml. of boric acid solution. A low 
flame was used in order to secure the greatest possible distillation of am-
monia with the least distillation of water. The boric acid was then set aside 
and reserved for the later main distillation. After the preliminary distilla-
tion the contents of the flask were acidified with about 3 ml. of concen-
trated sulphuric acid and reduced in volume by further distillation to 
about 75 ml. At this point a regular Kjeldahl procedure was adopted. The 
resultant ammonia was distilled into the reserved boric acid, and sub-
sequently titrated. 
DESCRIPTION OF PLOTS 
· The plots used in this study are located at the New York State Agri-
cultural Experiment Station and were originally installed in 1935 to deter-
mine the effects of various types of cover and treatment on erosion losses. 
Continuo~s records of rainfall, and of soil and water lost, had been kept 
since 1936. The eight plots, each 72.6 x 6 feet, are in two series, one a group 
of six plots on Ontario loam, and the other of two plots on Dunkirk silty 
clay loam. A border of about 6 feet around each plot is maintained under 
the same cover and treatment as that plot. All plots are similarly equipped 
to intercept and collect all soil and water lost. Cropping and treatment of 
the individual plots are outlined in Table 1. 
DESCRIPTION OF SOILS 
The two soil types of the Geneva erosion plots are representative of 
much of the Ontario Lowland Belt and Finger Lakes Region in New York. 
The Ontario soil is typical of those derived from calcareous glacial till, 
while the Dunkirk soil is typical of those derived from heavy calcareous 
glacial lake deposits. The two soils occur in closely associated patterns 
throughout much of the Ontario Lowland, with the Ontario soil occupying 
the higher lying knolls and hills, and the Dunkirk soil occurring in the 
lower lying intervening areas. The soil profile in both cases is that of 
immature gray-brown podzolic soils and represents the nearest normal 
profile development in the region. Drainage is good in the Ontario loam 
and good to imperfect in the heavier, more compact, and less pervious 
Dunkirk silty clay loam. 
The Ontario loam profile has developed, since the retreat of the Wis-
consin ice sheet, to a point where carbonates have been removed to a 
depth of two feet or more. However, the soil retains a relatively high 
calcium content, and is considered one of the most productive of New 
York soils. 
The Dunkirk silty clay loam profile has undergone a somewhat 
greater removal of carbonates in its development than has the Ontario 
TABLE 2 
MONTHLY PREC IPITAT ION AT GENEVA, NEW YORK, JANUARY, 1938, TO MARCH , \939 
ONTARIO GAUGE s• DUNKIRK GA GE s• 
Devi a Lion Snow Deviation Snow 
Precipi- from 43 T. (water Precipi - from 43 yr. (water 
la Lion average Rain equiv.) talion a\·erage Rain equiv.) 
(inches) (percentage) (inches) (inches) (inches) (pe1·centage) (inches) (inches) 
1938: January ..... 1.66 -25.2 0.88 0.78 1.67 -24.8 0.8 0.79 
February .. . . 2.96 +53.4 1.82 l.l4 2.82 +46.l l.68 l.L4 
March ... .. . 1.80 -20.7 1.66 0.14 1.70 -25.l 1.55 0.55 
April. . . . . .. 2.90 - 1.7 1.12 1.78 3.06 + 3.7 1.13 1.93 
May . .. .. . .. 2.20 -32.9 2.20 . .. 2.54 -22.6 2.54 . .. 
June ........ 2.76 -2 .1 2.76 ... 2.92 -2~.o 2.92 . . . 
July ........ 3.12 + 1.3 3.12 .. . 3.32 + 7.8 3.32 . .. Augusl. .... 5.55 +69.7 5.55 ... 5.28 +61.5 5.28 . . . 
September .. 4.17 +53.3 4.17 ... 3.83 +40.8 3.83 ... 
October ..... 0.33 
- 8.6 0.33 ... 0.29 -90.0 0.2!} . .. 
November ... J.87 -31.0 1.56 0.31 1.75 -35.4 1.40 0.35 
December ... 0.86 -63.6 0.57 0.29 0.66 -72.0 0.45 0.21 
1939: January .... . 2.30 + 3.6 0.14 2.16 2.30 + 3.6 0.14 2.16 
February .... 2.49 +29.0 0.47 2.02 2.49 +29.0 0.47 2.02 
March .. ... . 2.58 + 13.7 1.44 1.14 2.58 +13.7 1.44 1.14 
April, 1938 
LO 
larch, 1939 31.13 .. . 23.43 7.70 31.03 .. . 23.22 7.81 
•Average of one recording and one standard gauge at plots. 
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loam. Profile development has been slow, due to the heavy compact 
nature of the calcareous lacustrine parent material. The soil is fairly high 
in natural productivity. 
PRECIPITATION AND WEATHER CONDITIONS 
Total precipitation during the year of sampling and analysis was a 
little more than 31 inches according to the plot gauges. This amount is 
somewhat less than the 43-year annual average at Geneva of 33.5 inches, 
but it would be erroneous to classify the period as a "dry" year. Mid-
summer precipitation was considerably greater than ordinarily occurs. 
This is brought out in Table 2, where comparisons with the average are 
made on a monthly basis. Other periods of relative wetness or dryness can 
be ascertained from the table. 
However, general weather conditions cannot be tabulated readily. In 
view of the fact, and because of the importance of weather conditions 
generally in studies concerned with runoff, a month by month descriptive 
summary of weather and soil conditions has been prepared to supplement 
the tabular data. The summary is found in Appendix B. 
PRESENTATION OF DATA 
The results of the analyses of runoff water from individual rains, and 
other relevant data, are reported in Tables 10 to 17 of Appendix A, as a 
record of basic data. These tables form the basis of the various condensed 
tables and graphs that appear throughout the text. An analysis of each 
separate runoff was necessary before the runoffs could be classified on 
more than an empirical basis, but discussion in this paper is facilitated 
generally by such classification. In certain discussions the data on indi-
vidual rains are required. 
Although the analyses covered a period of 13 months, the common use 
of an annual basis of comparison has made it desirable to confine the dis-
cussion chiefly to the data of a 12-month period. 
TOTAL LOSSES DURING ONE YEAR 
The total annual amounts and average concentrations of soluble 
materials found in runoff water from April, 1938, to March, 1939, appear 
in Table 3. The results show the magnitude of the annual losses and con-
centrations which may probably be expected under ordinary conditions 
at Geneva. Not much greater significance than this can be attached to a 
summation of data on an annual basis because of the variability in con-
ditions governing runoff that occurs from year to year. While the total 
amount of precipitation that fell during the period was approximately 
normal, its distribution was somewhat unusual. Other conditions affecting 
both the amount and concentration of solutes i"a. runoff are known to vary 
considerably. The annual totals of Table 3 would have been notably differ-
ent in some instances if the losses that occurred in March, 1938, had been 
included instead of those of March, 1939. However, these considerations 
do not preclude some comment on the annual data. 
TABLE 3 
LOSSF.S OF SOLUBLE MATERIALS IN Rt•NOFF WATER* DURING THE YEAR APRIL 1, 1938, TO MARCH 31 , 1939, FROM GENEVA EROSION PLOTS (O N-
TAR IO LOA~I, SLOPE: 8 P ER CENT; D UNKIRK SILTY CLAY LOAM , SLOPE 5 P ER CENT) 
Tota l Aim'ual Amounts 
Total Igni ted Loss on / Nitrogen I 
Solids Solids Ig nition (total ) Ca Mg 
---· 
O NTA RIO PLOTS 
I . Red clover . .. . . .. .. 4.83 2.45 2.39 .48 .45 .08 
2. R ye- fallow . . ... . . . . . 33.65 17.58 16.08 .47 4.53 .14 
3. Alsi ke clO\·er ... .. . . 5.66 3.12 2.53 .20 .48 .08 
4. Soybeans. ... . ...... 2A4 1.16 1.28 .20 .14 .06 
5. Fallow . . ........ .. . 50. 13 29.12 21.00 .95 5.77 1.33 
6. Bluegrass . . ... .. . .. 1.73 .87 .86 .09 .10 .03 
DUNKIRK PLOTS 
7. Fallow ........ . .. .. 119.37 60.79 58.58 10.39 10.00 2.61 
8. Corn, 1938 ....... . . 137.45 81.88 55.56 9.80 11.98 3.61 
Average Annual Concentrations (jJarts per million) 
ONTARIO PLOTS 
l. Red clover ... . . . . . 46.9 23.7 23.2 4.7 4.3 .7 
2. Rye-fa llow .. . . . . . . . . 71.6 37.4 3-1.2 1.0 9.6 .3 
3. Alsike clover ..... . . 43.6 24.I 19.5 1.6 3.9 .6 
4. Soybeans .. . .... . . .. 51.7 24.6 27.1 4.1 2.9 1.2 
5. Fallow .. ...... . . . . . 64.3 37.3 26.9 1.3 7.4 1.8 
6. Bluegrass . .. . . . . . . . . 43. l 21.8 21.3 2.8 2.5 .7 
DUNKIRK PLOTS 
7. Fallow .......... . . . . 70.l 35.7 34.4 6.1 5.9 1.5 
8. Corn , 1938 .. . . . ... 132.9 79.2 53.7 9.5 11.6 3.5 
(pounds per acre) 
l_ Soil s Na Loss 
.15 .16 .18 106.5 
.50 .35 .89 27,623.5 
.14 .18 .4 1 247.6 
.05 .05 .12 190.4 
1.29 .30 1.63 58 ,848.6 
.08 .06 .08 30.5 
4.15 .82 3.12 99,229.1 
5.42 .82 4.71 17 ,806.3 
2.1 1.5 1.7 ... .. 
1.1 .8 1.9 ... . . 
1.6 1.5 3.4 . ... . 
4.5 1.1 2.5 . . . . . 
2.0 .4 2.2 . .... 
3.9 1.4 2.0 . .. . . 
2.9 .5 1.9 .. .. . 
7.4 .8 4.6 ..... 
Runoff Densitv 
Wate r Was ho ff 
(cu . ft ./ (lbs ./ 
A) Ctl. ft-) 
1,654.77 .06 
7,531.51 3.67 
2,082.84 .12 
783.26 .24 
12,494.84 4.71 
6-13.25 .05 
27,362.58 3.63 
16,570.60 1.07 
Precipitation 
Lost as Runoff 
(percentage) 
1.5 . . 
6.7 . . 
1.9 .. 
.7 . . 
I I.I . . 
.6 . . 
24.3 . . 
14.7 .. 
• A ll summation data on runoffs are based on only those runoffs in which a given so lute was analyzed. Thus sulphur from Plot 2 was deter-
mined in only 17 runoffs of 7,150.56 cubic feet per acre, out of the 20 runoffs totaling 7,531.51 cubic feet per acre from that plot during the 
year. 
SOLUBLE MATERIALS IN RUNOFF WATER 277 
Maximum losses of solutes occurred in runoff from the Dunkirk plots. 
The loss of 10 pounds per acre of soluble nitrogen seems most noteworthy 
from the standpoint of fertility loss, and offers some evidence (to be 
accepted with reservations) that the relatively low nitrogen losses reported 
by Duley (11) are not universal. Losses of potassium are less significant, 
and losses of phosphorus although not reported are known to be negligible, 
from both the Ontario and the Dunkirk plots. Qualitative tests throughout 
the experiment either gave negative results or showed traces of phos-
phorus, but never in amounts to warrant quantitative analysis. 
Minimum losses of solutes occurred on the Ontario plots under good 
cover while intermediate amounts were lost from the fallowed Ontario 
plots. 
The data on annual soil and water losses aid in visualizing the condi-
tions of erosion that accompanied the losses of solutes, and the average 
annual concentrations may serve as a point of reference to determine 
whether the concentration of solutes in runoff from individual rains or 
groups of rains is high or low. 
The influence of soil type, vegetation and some other factors may be 
inferred from the total annual losses and average concentration of solutes 
lost in runoff water. They can be considered to better advantage later. 
FACTORS THAT GOVERN SOLUTE LOSSES 
Difficulties encountered in attempts to classify the data from the 
present investigation, were due in part to the fact that the study had been 
exploratory in nature. Previous investigations have been too brief to pro-
vide a critical basis for classification. 
Certain difficulties are inherent in the problem. Solutes in runoff may 
be derived from either soil or vegetative cover. Rain water itself contains 
small amounts of dissolved substances. Translocation of solutes in the soil 
may be caused by a movement of soil moisture, accompanied by evapora-
tion and solute deposition. The rates of runoff and infiltration obviously 
affect the amounts of solutes that are moved laterally or downward. In 
this connection subsurface flow and seepage also must be considered. 
Microbial activity and other factors also affect both the relative and 
absolute concentrations of soluble constituents in the soil or soil solution. 
Stremme and Schroedter (29) found changes in the soil solution from 
season to season due to the activities of higher plants and micro-
organisms, and from year to year due to varying climatic conditions. 
The equilibrium of constituents coming into solution in flowing water 
or held by the soil because of its properties of absorption or base exchange 
is not static. It may shift with changing solution concentrations of the 
various constituents. 
Obviously, the effects of all these factors could not be traced in the 
present investigation. A study of the data gave cumulative evidence as it 
progressed, however, that relative rates of infiltration and runoff, and 
surface deposition of soluble materials by capillarity and evaporation, as 
pointed out by King (17) , were of first importance in determining the 
TABLE 4 
Los ES OF SOLUBLE MATERIALS JN RUNOFF WATER FROM ONE 4.4 1 CH RAIN AUGUST JO, 1938, FROM· GENEVA EROSION PLOTS 
Total Amounts (pounds per acre) 
Total lgnited Lo son 1 itrogen 
Solids Solids Ignition (tota l) Ca Mg s K Na 
---
0'\TARIO PLOTS 
J. Red clover . . . . . 2.01 I.OS .96 .02 .29 .02 .05 .03 .0 
2. Summer fallow . 29.26 15.59 13.68 .25 4.25 .04 .3-J .30 .SI 
3. Alsike clo\'er ... 2. 7 1.66 1.21 .05 .38 .02 .Q7 .08 .15 
4. Soybeans .. . .. . . .29 .15 .14 .01 .04 .OJ .01 .01 .OJ 
5. Fallow ......... 27.52 18.38 9.14 .33 4.02 .87 .5-1 .16 .14 
6. Bluegras ...... .28 .12 .16 r D .03 .01 .01 .OJ .02 
DUNKIRK PLOTS 
7. Fallow ......... 22.19 11.62 10.57 .98 2.02 .07 .65 .20 .65 
8. Corn .......... 12.9-1 7.8·1 5.10 .67 1.60 .08 .59 .14 .56 
Concentrations (parts per million) 
0 'TARIO !'LOTS 
I . Red clover .. . . . 36.5 19.3 17.2 A 5.2 .3 .9 .6 1.5 
2. Summer fallow. 68.9 36.7 32.2 .6 10.0 .l .8 .7 1.9 
3. A lsi ke clover ... 37.4 21.6 15.8 .6 4.9 .3 . 9 l.l 1.9 
4 . Soybeans . ...... 52.9 26.9 26.0 I.I 7.2 .7 I .4 I. I 2.4 
5. Fallow ......... 50.6 33.8 16.8 .6 7.4 1.6 1.0 .3 2.1 
6. Bluegrass .. . . .. 30.8 13.6 17.2 D 3.1 .5 1.1 .8 2.1 
DUNKIRK PLOTS 
7. Fallow .... .. .. 34.0 17.8 16.2 1.5 3.1 •.l 1.0 .3 1.0 
8. Corn ... ..... .. 46.2 28.0 18.2 2.4 5.7 .3 2.1 .5 2.0 
Proportion of Annual .Loss (percentages, where annual loss= 100%) 
ONTARIO PLOTS 
1. Red clover .. .. . 42.3 4'1.2 40.3 4.5 65.3 21.4 34.7 21.0 46.1 
2. Summer fallow. 86.9 88.7 85.1 53.7 93.6 32.7 68.9 86.6 90.6 
3. Alsi ke clover ... 50.8 53.1 47.9 2l.7 78.7 27.8 49.8 46.3 35.7 
4. Soybeans ..... : . J 1.8 12.6 11.0 3.8 28.8 6.7 15.2 11.5 10.8 
5. Fallow ... . . .... 5"1.9 63.1 43.5 35.8 69.8 65.3 42.8 57.1 70.6 
6. Bluegras .... . . 16.3 14.2 18.4 ' D 27.8 16.8 12. 12.4 24.2 
DUNKIRK PLOTS 
7. Fallow ..... . ... J8.6 19.1 18.0 9.1 20.2 2.8 14.2 23.0 21.1 
Soil 
Loss 
88.6 
27,005.5 
192.6 
29.9 
47,864.3 
9.6 
91,557.0 
15,589.0 
. .. 
... 
. . . 
... 
. .. 
... 
. .. 
. . . 
83.2 
97.8 
77.8 
15.7 
81.3 
31.5 
92.3 
Runoff I Density Water Washoff 
(lbs./ 
(cu. ft./ A) Ct/. fl.) 
97.33 .10 
6.803.82 3.97 
1,231.29 .16 
86.83 .34 
8,712.52 5.49 
146.43 .07 
10,457.36 8.76 
4,489.94 3.47 
Prec1p1tatton lost 
as runoff (%) 
5.5 . .. 
42.0 . .. 
7.6 . .. 
.8 . .. 
52.2 .... 
.9 . .. 
65.7 ... 
28.2 ... 
54.2 . ... 
90.3 . .. 
59.1 . .. 
11.1 . .. 
69.7 .. . 
22.8 . .. 
38.2 . .. 
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concentration of solutes in the initial runoff from each rain. Continued run-
off tended to dilute initial concentrations, although the total amount of 
solutes lost in the runoff was increased. The relationships were sufficiently 
consistent to justify their use in dividing the annual data into four groups, 
Tables 4 to 7. The groups are not wholly representative of categories of 
runoff, but their discussion develops the major principles that govern the 
concurrent losses of solutes. 
The runoff from a single intense summer rain was so distinctive that 
it is reported separately. Runoffs from eight winter rains and thaws 
constitute a second group. Runoff from one sudden thaw was so distinctive 
as to merit a separate class. Most of the runoffs fell into the fourth group 
of small or medium sized runoffs that occurred chiefly during the summer 
months. 
I. The first group to be discussed is represented only by the runoff 
from one intense rain of 4.4 inches that fell on August 10. The data are 
reported in Table 4. This runoff was exceptionally large from the corn and 
fallow plots and there represents high proportions of the rainfall. Dilution 
by large quantities of runoff water obscures any concentration of solutes 
that may have characterized the initial runoff. Consequently the solute 
concentrations that are reported represent summer minimums5 and tend to 
follow the normal solubilities of the two soil types. Ignited solids are higher 
for the Ontario soil in both amount and concentration. 
Variations in the data of the two fallow plots on Ontario soil indicate 
that winter rye, previously turned under, increased the concentrations 
but decreased the amounts of solutes lost. The decreased amounts reflect 
the lower water losses from the plot that carried winter rye. 
The Ontario plots under cover absorbed most of the rain that fell. 
Presumably a marked translocation downward of the solutes in the soil 
of the covered plots took place, and a correspondingly low concentration 
of most solutes in runoff was evident. The soybean plot appeared to be 
exceptional in that the total solids were high for the percentage of rainfall 
lost as runoff, while the ignited solids were relatively low in comparison 
with those from the fallow plots. The .intermediate position of the soybean 
plot may be the result of previous crops of soybeans that were incorporated 
in the soil, that would tend to increase the organic solutes in the soil of 
this plot. It is equally possible that some excess of organic solute may 
have been derived directly from the dense soybean cover that occupied 
the plot at the time this August 10 rain occurred. 
There is no evidence of a downward translocation of salts as a result 
of infiltration on the less permeable Dunkirk plots as the rain progressed, 
although some undoubtedly took place. The generally lower concentration 
of solutes in the fallow plot runoff is due in part to dilution by increased 
runoff, but the relative amounts of runoff indicate that the higher solute 
concentrations from the corn plot reflect the effect of an alfalfa cover 
turned under prior to the planting of corn. The latter statement agrees 
• The high proportions of the annual totals due to this one rain cause these 
"minimums" to approximate the average annual concentrations. 
T BLE 5 
LOSSES OF OLUBLE ~ I ATERIALS I \ \11 'TER R UNOFFS 32- 39 I NCLUSIVE 0 RI NG FEBRUARY-MARCii, 1939, FROM GENEVA E ROSION PLOTS• 
Tola! Amoun Ls (powu/s per acre) 
ToLal lgniLed Loss o n I Ni t rogen 
I I Solid Solids Ign ition (tota l) Ca Mg s K 
O NTARIO PLOTS 
I. R ed clover .. . .. 1.04 .52 . 52 .33 .08 .03 .05 .05 
2. W inLer rye .. ... .68 .38 .30 .09 .O.J. .04 .0 1 .02 
3. Alsi ke clover ... .4 1 .21 .20 .07 .02 .02 .02 .02 
4. o ybeans, 1938 . .35 . 16 .1 9 .06 .02 .01 .02 .02 
5. Fallow ... . . .... .87 .57 .30 .10 .12 .03 .07 .01 
6. Bluegrass . .. . .. .46 .26 .20 .03 .0-1 .01 .03 .02 
D UNKIRK PLOTS 
7. Fallow .. .. .... . 6-L34 33.58 30.76 7.62 7.10 1.84 3.21 .41 
8 . Corn, 1938 . . .. I 0 1.22 62.28 38.95 7.8 1 9.60 3.02 4.5 1 .55 
Average Con centrations (parts /1er million) 
0 TARIO PLOTS 
I . R ed clove r .. . .. 108.0 5 1.2 53.7 3 1.3 8.3 3.1 5 .2 5.2 
2. W inte r r ye . .. . . 7 1.0 '10. 1 30.9 9.4 4.2 4.2 4.2 2.1 
3. A lsike clover . . . 11 2.4 58.7 53.7 18.3 5.5 5.5 5 .5 5.5 
4. Soybeans, 1938 . 9-1.3 43.0 51.3 16.2 5.4 2.7 5.4 5.4 
5. Fallow . .. .. .. . . 46.0 30.2 15.8 5 .3 6.3 1.6 3.7 .5 
6. Bluegrass .... .. H I 30.3 23.7 3.6 4.7 1.2 3.6 2.4 
D NK IRK PLOTS 
7. Fa llo w . ...... .. 88.5 46.2 42.3 10.5 9.8 2.5 4.~ .6 
8. Corn, 1938 .. . . . 234.3 144.2 90.2 18 .1 22.2 7.0 10.4 1.3 
P roportion of Ann u a l L oss (percentage, where annual loss 
0 'TARIQ PLOTS 
I . R ed clover .. . .. 21.5 21.3 21.7 68.9 17.8 36.0 3 1.9 35.0 
2. W inte r rye .. . . . 2.0 2.2 1.8 18.6 .9 28.7 8 .3 5.7 
3. A lsike clover . . . 7 .2 6.8 7.7 35.4 4.1 23.7 17.3 10.0 
4. Soybea ns, 1938. 14.3 13.7 14.8 30.2 16. l 17.2 3 1.5 31.5 
5. Fa llo w . . . . . . . . . 1.7 2.0 1.4 10.5 2.0 2.2 5.2 2.9 
6. Bluegrass .. . .. . 26.3 29.2 23.4 31.2 35.1 42.6 11.9 28.l 
D u ' KIRK PLOTS 
7. Fallo w .... ..... 53.9 55.2 52.5 73.5 7 1.1 70.0 77.0 49.9 
8. Corn, 1938 .. . . . 73.6 76.1 70. l 79.9 80.0 84.0 83.0 67. l 
Soi l 
Na L oss 
.03 4 . 
.01 8.3 
.0 1 2.5 
.0 1 6 .9 
.02 23.4 
.01 0 
1.6 1 3,482.6 
3.6 1 767.8 
3.1 . .. 
1.0 . .. 
2.8 . . . 
2.7 . . . 
I. I ... 
1.2 . .. 
2.2 . . . 
8.4 . . . 
100%) 
14.8 4.5 
1.6 .03 
2.2 1.0 
10.2 3.6 
I.I .04 
13.4 . .. 
51.5 3.5 
76.8 4.3 
Runoff 
I 
Density 
W ater Washolf 
(cu. fl./ A.) (lbs./ 
cu.fl.) 
154 .25 .03 
153.89 .05 
61.27 .04 
82.4 1 .08 
303.01 .08 
13.J.98 . .. 
11 ,652.51 .30 
6,923.61 .11 
P recipitation lost 
as ru nolf (%) 
.7 . .. 
.7 ... 
.3 .. . 
.4 .. . 
1.3 ... 
.6 . .. 
49.5 ... 
29.4 . . . 
9.3 .. . 
2.0 . . . 
2.9 . .. 
10.5 . . . 
2.4 . .. 
21.0 . .. 
42.6 ... 
41.8 ... 
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with statements already made on the turning under of winter rye and 
soybeans. 
II. The late winter runoffs of February and March, 1939, form a 
second group and are reported in Table 5. The amount of rainfall lost as 
runoff is low on the Ontario plots and must have resulted in an effective 
downward movement of solutes so that minimum concentrations could be 
expected. A tendency is this direction may have been neutralized to some 
extent by extensive periods of continuously moist conditions that allowed 
the less soluble components of the soil to come into solution. Low concen-
trations, however, characterize the runoff from the fallow plot. Its concen-
tration of ignited solids is at nearly the same low level as in the dilute 
August 10 runoff (Table 4) . The winter rye plot formerly summer fal-
lowed shows the same relationship. 
The Ontario plots under cover show higher solute concentrations in 
the winter runoff than do the fallow plots. This, and the relative concentra-
tions shown in Tables 4 and 5, indicate that the winter concentrations 
reported are due to solutes derived from the weathered vegetation that 
covered the plots. Leaching of solutes from plants has been reported by 
LeClerc and Breazeale (22) , Guilbert et al. (13) , and Guyon (14) (15). 
The data on the runoffs from Dunkirk soil follow the expected order 
of solute concentrations, but appear to be relatively too high. The fallow 
plot runoff is more concentrated than the runoff from the comparable 
fallow Ontario plot. This is the opposite of what would be expected from 
the normal solubilities of the two soils and no immediate explanation seems 
entirely adequate. The fact may be related to the percentages of precipita-
tion lost as runoff, or rather, to the rela.tive permeability of the two soils. 
Long-continued saturation of the soil, with freezing and thawing, but with 
little downward movement of solutes on the Dunkirk plots by infiltration, 
were typical conditions during the winter runoffs. Salts from slowly 
soluble constituents may have accumulated, and underground seepage 
from the surrounding alfalfa field may have caused some distortion of the 
results that were obtained (20). 
Thus soil type was clearly the dominant factor influencing these late 
winter runoffs. The plots on Dunkirk silty clay loam suffered high propor-
tions of their total annual soil, water, and solute losses, while the plots on 
Ontario loam underwent comparatively small losses. 
III. The data of Table 6 on the single thaw runoff of April 12, 1938, 
offer some contrasts to the data of Table 5. At the time this runoff occurred, 
weather and soil conditions favored extensive leaching of both surface 
soil and vegetation, particularly on the more permeable Ontario soil. The 
resultant runoff from the Ontario plots was correspondingly dilute, but 
for the fallow Dunkirk plot the comparison with Table 5 shows no appreci-
able change in solute concentrations as judged by ignited solids. Lack of 
adequate drainage during the late winter months apparently tends to 
produce relatively high concentrations of solutes in runoff from Dunkirk 
soil. The data for Plot 8 are not comparable because of a changed cover 
on that plot (Table 1) . 
TABLE 6 
Loss OF SOLUBLE MATER! LS IN R NOFF WATER FRO [ SUDDEN THAW APRIL 12, J938, FOLLOWING SNOWFALL APRIL 3-9 EQUIV LE 'T TO 1.95 TNCll ES 
RAINWATER; GENEVA EROSION PLOTS 
Amounts (pounds per acre) 
Total Ignited Los on Nitrogen 
Solids Solids Ignition (total) Ca Mg K 
ONTARIO· PLOTS 
J. Red clover. . .. .66 .30 .36 .03 .02 .01 1 D .01 
2. Winter rye . .... .55 .26 .29 .03 .02 .01 ND .OJ 
3. A lsi ke clover ... .74 .32 .12 . o+ .02 .OJ D .02 
4. oybeans, J 937 . .81 .34 .47 .07 .03 . OJ ND .01 
5. Fallow ......... .65 .39 .26 . o+ .03 .01 ' D .Ol 
6. Bluegrass ...... Al .17 .24 . 01 .01 .01 D .OJ 
D NKIRK PLOTS 
7. Fallow ...... . .. 21.81 JJ .92 12.89 1.29 .21 .53 ND .13 
8. Alfalfa .......• 14.75 7.08 7.67 .87 .14 .34 ="D .03 
Average Concentrations (parts per million) 
ONTARIO PLOTS 
l. R eel clover .. . . 21.7 9.8 11.9 I.I .7 .2 . .. .2 
2. 
' 
inter r ye ..... 23.9 11.l 12.8 1.4 .7 .2 . .. .2 
3. Alsike clover .. 21.9 9.5 12.4 1.3 .7 .2 . .. .5 
4. Soybeans, 1937. 23.1 9.8 13.3 1.9 .8 .2 . .. .3 
5. Fallow .. . .. . . . . 13.5 8.1 5.4 . 9 .6 .1 . .. .l 
6. Rluegras . . . . .. 21.8 9.1 12.7 .6 .6 .l . .. .2 
DUNKIRK PLOTS 
7. Fallow .. .. ... . . 94 .3 45.3 49.0 4.9 .8 2.0 . .. .5 
8. Al(aJ(a .......• . 52.7 25.3 27.4 3.1 .5 1.2 . .. .1 
Proportion of Annual Loss (percentage, where annual loss 
ONTARIO PLOTS 
I . Red clover ... . 13.7 12.2 15.2 6.9 4.8 6.9 .. . 4.1 
2. Winter rye ... l.6 1.5 1.8 6.8 .4 2.7 ... 1.1 
3. Alsike clover ... 13.0 10.2 16.5 22.2 5.0 7.7 . .. 10.0 
4. Soybeans, 1937 . . 33.2 29.6 36.5 33.2 20.5 10.6 ... 16.9 
5. Fallow . ..... . .. J.3 l.3 1.2 4.3 .5 .3 . . . 2.l 
6. Bluegrass ...... 24.0 . 19.8 28.2 13.5 12.1 8.8 .. . 6.3 
DUNKIRK PLOTS 
7. Fallow ......... 20.8 19.6 22.0 12.5 2.1 20.3 ... 17.0 ,,_ 
-
- L • n ~ n n 'n n n n 'n n n • n 
Soil 
Na Loss 
.03 .o· 
.02 .0 
.2J .0 
.03 .0 
.01 .0 
.03 .0 
.66 950.4 
.34 J40.0 
.9 . .. 
.8 . .. 
6.3 . .. 
.9 . .. 
.9 . .. 
1.7 . .. 
2.5 . .. 
1.2 . .. 
IOoo/o) 
15.5 . .. 
2.1 . .. 
50.9 . .. 
25.6 . .. 
2.6 . .. 
41.9 . . . 
21.4 1.0 
~ n 
Runoff I Density Water W ash off 
(c11 . ft./ A.) (lbs./ 
w . ft.) 
490.38 ... 
36 .59 . .. 
540.07 ... 
560.90 . .. 
769.23 . .. 
304A9 .. . 
4,215.54 .23 
4,484.91 .03 
Preci pi la lion lost 
as runoff (%) 
6.9 . . . 
5.2 . .. 
7.6 . . . 
7.9 . .. 
10.9 . .. 
4.3 . .. 
59.6 . .. 
63.4 . .. 
29.6 . .. 
4.9 . . . 
25.9 . .. 
71.6 . .. 
6.2 . .. 
47.3 . . . 
15.4 . .. 
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IV. The data for the large number of remaining runoffs of the year 
are reported in Table 7. In the main this group is characterized by small 
and medium sized runoffs, occurring in warm or open weather that is 
favorable to rapid evaporation of soil moisture. The extended time over 
which the runoffs occurred involved considerable variation in weather, 
soil conditions, cultivation, and crop growth. The group accounts for 
moderate proportions of the annual losses and is characterized in the 
aggregate by high solute concentrations. Proof of the latter statement is 
most evident in a comparison of the data of Tables 4 and 7. The high con-
centrations are attributed in large measure to the removal, in initial run-
off, of salts left at the soil surface by capillary rise and subsequent evapora-
tion of soil water, and to the absence of any marked dilution by subsequent 
runoff. 
The effect of one other factor is plainly evident in this group of run-
offs. The three plots on which vegetation was turned under (Plots 2, 4, 8) 
show outstandingly high concentrations of ignited solids and hence of total 
solids. 
Effects that are related to soil type are less evident on first inspection 
of the data. However, the permeability and texture of the two soils are 
such that relatively more solutes from surface deposits (induced by 
capillarity and evaporation) should appear in the Dunkirk runoffs. That 
this was the case is shown by the .following considerations: 
Total and ignited solids from the two permanently fallow plots on the 
two soils are nearly identical. This is in marked contrast to the data of 
Table 4, where the comparable concentrations were approximately twice 
as great in the Ontario runoff. To be consistent, the relatively greater 
increase of solutes in the Dunkirk summer runoffs of smaller volume must 
be attributed to greater surface salt concentrations on that soil. The effect 
undoubtedly would have been greater if the amounts of water lost from 
the fallow plots were more nearly identical. The more impermeable Dun-
kirk soil lost less water than did the Ontario soil in the small or medium 
sized runoffs under discussion, and therefore suffered a greater downward 
movement of accumulated surface salts. The inversion of the expected 
order was due apparently to damming by clods and other surface irregular-
ities on the Dunkirk plot. The Ontario fallow generally presented the 
smoother surface because of the manner in which the two soils responded 
to cultivation. 
Some, but not all, of the miscellaneous factors that appreciably affect 
small runoffs can be illustrated from the basic data for individual runoffs 
that are given in the Appendix. Cultivation, mentioned above, tends to 
increase infiltration during the first succeeding rain at least, and to pre-
vent the surface deposition of salts by capillarity and evaporation. Under 
such conditions, runoff water tends to be of low solute concentration as is 
shown for the Dunkirk plots by the June second runoff that followed 
cultivation on May 31 (Tables 16 and 17). 
A high moisture content in the soil at the beginning of a rain tends to 
lower initial infiltration. This may result in high solute concentrations if 
TABLE 7 
1.oss~:s Of SOLUIJLE MATERIALS IN ALL MEnllJ ~ l -S I ZED TO SMALL R UNOFFS FROM GENEVA EROSION PLOTS DURING 0 'E YEAR APRIL, 1938, TO MARCH, 
1939, EX CF PTINC. O NLY Tll E ABNORMAL R UNOFFS Of l'RIL 12, AUGUST JO, AND FEBRUARY -MARCH (SUMMARY OF R NOFFS 4, 6-2 1, 23-3 1, FROM 
PRECIPITATION Of 17.3 lNCMES) 
Amounts ( pou11ds per acre) 
Total Ignited Loss on Nitrogen 
Solid Solids Ignition (total) Ca Mg K 
0 TARIO PLOTS 
I . R ed clover ..... 1.09 .54 .5·1 .JO .05 .03 .05 .06 
2. R ye-fa llow . .... 3.1 6 1.35 J.81 .JO .23 .05 .12 .02 
3. Alsike clo,·er ... 1.6( .93 .7 1 .0-l .06 .03 .05 .06 
4. Soybeans ....... .99 .51 .48 .06 .05 .04 .03 .02 
5. Fallow ......... 2 1.09 9.78 11.31 .48 1.60 .43 .68 .12 
6 . Bluegrass ..... " .58 .32 .26 .05 .03 .O J .04 .03 
D NKrRK PLOTS 
7. Fallow ... . ..... 8.0-l 3.68 4.36 .50 .66 .18 .29 .09 
8. Corn, 1938 . .... 8.53 4.68 3.85 A5 .65 .17 .32 .09 
. verage Concentrations (parts per million) 
ONTARIO PLOTS 
l . R ed clover .. . .. 156.3 78.l 78.2 13.4 7.8 3.9 8.2 8.9 
2. R ye-fa llow ..... 246.8 105.4 14 1.3 8.2 18.0 5 .6 9.7 2.0 
3. Alsi ke clover ... 104.8 59.6 45.2 3.7 8.7 4.6 8.5 9. 1 
4. Soybeans ....... 336.2 173.2 163.0 20.5 15.9 14.7 12.9 7.3 
5. Fallow . .. .. .... 124 .7 57.8 66.9 3. 1 9.5 3.0 6.4 .9 
6. Bl uegrass ...... 161.5 89.8 7 J.'i 13.5 7.1 2.7 12.1 8.5 
DUNKIRK PLOTS 
7. Fa llow ......... 124 .l 56.8 67.3 7.9 10.2 3.1 6.5 1.7 
8. Corn, 1938 .... . 203.3 11 1.6 91.8 11.l 15.9 4.5 8.1 4.1 
Proportion of Ann ua l Loss (percentage, where a1111ual loss 
ONTARIO PLOTS 
l . R ed clover .. . . 22.5 22.2 22.8 19.7 12. 1 36.2 33.4 39.9 
2. R ye-fa llow .. . . . 9.4 7.7 11 .3 20.9 5.1 35.9 22.8 6.6 
3. Alsike clover ... 28.9 29.8 27.9 20.6 12.1 40.9 32.9 33.7 
4. Sovbeans ....... 40.7 44. l 37.7 32 .8 34.6 65.5 53.3 40.0 
5. Fai low ......... 42. l 33 .6 53.8 49.5 27.7 32.2 52.0 38.0 
6. B luegra's ... . .. 33.4 36.8 30.0 58.3 25.0 33.8 45.3 53.2 
DUNKIRK PLOTS 
.., 
-.:' .... l l n u •. f>7 f; (l 74 4 R hh '7 0 llR 10 1 
I_ 
Soi l 
Na Los 
,04 13. 1 
.05 609.7 
.05 52.5 
.06 153.6 
.42 10,960.9 
.02 20.9 
.19 3,239.1 
.19 l ,309.5 
6. 1 ... 
4.3 ... 
8.6 ... 
21.6 ... 
2.9 ... 
4.5 ... 
3.6 ... 
8.6 .. . 
IOO o/o) 
23 .7 12.3 
5.7 2.2 
11.2 2 1.2 
53.4 80.7 
25.7 18.6 
20.5 68.5 
() 0 !\!\ 
R u no If 
I 
Density 
Water Wa hoff 
(cu . ft ./ A.) (lbs./ 
w.ft.) 
11 3.8 1 .11 
205.2 1 2.97 
250.21 .21 
53. 12 2.89 
2,7 10.08 4.0-l 
57.35 .36 
l ,037.17 3.12 
672. ll 1.95 
Precipitation lost 
as runoff (%) 
.2 . .. 
.3 . .. 
.4 . .. 
.I . .. 
4.3 . . . 
. l . . . 
1.7 . . . 
I.I . .. 
6.9 .. . 
2.7 .. . 
12.0 ... 
6.8 . . . 
21.7 ... 
8.9 .. . 
!\R 
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the weather preceding the rain has favored rapid evaporation and a corres-
ponding rise in soluble salts. On the other hand, it may result in low salt 
concentrations in runoff water if little or no evaporation has followed pre-
vious precipitation. Both cases are illustrated in Tables 11 and 14 by the 
data on ignited solids in the runoffs from Plots 2 and 5 that followed 
successive rains on June 11and12. Previous rain had occurred on June 7. 
Increasing length of time between rains intensifies the drying out of 
the soil even though rate of evaporation may be low. The first runoff 
after a long rainless period may therefore carry high concentration of 
soluble salts, although obviously, the relative rates of infiltration and 
runoff may mask this effect. The runoffs of November 19 from the Dunkirk 
plots, and of January 2 or 5 from all the plots, were the first after a long 
rainless period and carried high solute concentrations. 
Conditions of cover changed during the year more on soybean Plot 
4 than on any other plot. Consideration of total losses on this plot should 
take into account the stage of growth reached by the crop. On July 14, 
when the plot had only a young and ineffective cover, its losses of water 
and solute concentrations were of the same order as those from the Ontario 
fallow plot. In contrast, the soybean cover had become so dense by August 
10 that losses of soil, water, and solutes were kept to figures almost as low 
as those from the bluegrass plot. 
RELATIONSHIPS OF SOIL, WATER, AND SOLUTE LOSSES 
The proportion of soil to water in the runoff from the plots does not 
appear to have any marked effect on the concentration of solutes in runoff, 
and by inference has no marked influence on the amount of solutes lost. 
Surface vegetation and the entire soil surface contribute to the amount 
of solutes carried away. In Table 3 for total annual losses, fallowed 
Dunkirk Plot 7 shows a washoff density about three times as great as 
that of Dunkirk corn Plot 8, yet it shows a concentration of ignited solids 
of only half as much. The Ontario fallow plots show hig:p.er washoff densi-
ties and higher concentrations than do the Ontario plots under cover, 
but the corresponding relationship is not evident when only the two 
fallow plots are compared. It can be shown that many individual runoffs 
of high solute concentration carried but little soil. 
The effects of soil and water losses, separately, on solute losses, can 
best be shown by considering the proportions of the total annual amounts 
of each that occurred in each group or runoffs, Tables 4 to 7. If perfect 
correlation existed among the three kinds, their proportional losses in 
each group would be identical. A glance through the tables is sufficient 
to show that this is far from the case. 
The lack of any dependable relationship between soil and solute 
losses is most evident in Table 6. Although no soil was lost from any of 
the Ontario plots by this single thaw runoff, losses of ignited solids on 
these plots amounted to as much as 29.6 per cent of the an:nual total. 
The Dunkirk fallow Plot 7 lost nearly 20 per cent of the annual total of 
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ignited solids and only 1 per cent of the annual total of soil. Similar 
lack of correlation is evident throughout the tables. 
The data also fail to show any dependable relationship between 
water and solute losses. Since runoff water is the direct agent of solute 
removal some relationship should be evident, however, if other factors 
are inactive or are eliminated. To a degree this situation characterizes 
the August 10 runoff from the Ontario plots, Table 4. The plots lost 
solute and water in the same order and in proportionate amounts. The 
same trend is evident in Table 6, but is less evident in Table 5, and is 
obscure in Table 7, for causes that have been stated previously. 
THE EFFECT OF FERTILIZATION 
Fertilization of the plots during the investigation included the turning 
under of green manure or crop residues and the application of com-
mercial 5-10-5 fertilizer. Earlier discussion has covered the general 
effects of turning under vegetation on solute losses. A noticeable increase 
in concentration of solutes, especially volatile solids, usually followed such 
treatment. 
Results arising from the application of commercial fertilizer are not 
discernible in the grouped data that have been discussed, nor are they 
plainly evident elsewhere. However, the basic data on individual run-
offs, available in the Appendix, show some variation that is due, appar-
ently, to the commercial fertilizer that was applied to the plots. 
An application of fertilizer was made in early June to the Ontario 
Plots 2, 4, and 5, at the rate of 500 pounds per acre. It caused (30) or 
at least certainly preceded an increase in the concentration of solutes 
relative to the amount of runoff water from these plots. The relatively 
high concentrations of the June-July runoffs is in contrast to both the 
earlier April-May runoffs and the later summer and fall runoffs from 
the same plots. 
The Dunkirk plots also show some effects that are attributable to 
fertilization. Their runoffs are grouped on a seasonal and cultural basis 
in Table 8 for amounts and concentrations of ignited solids, calcium, and 
nitrogen. 
The major variables between these plots were fertilization and 
plant cover, both present on Plot 8, but absent from Plot 7. Alfalfa sod 
on Plot 8 was spaded under April 27, and corn was planted in June. 
Immediately after fertilization of Plot 8 on June 9, and for most of 
the rest of the year, solute concentrations in runoff water from that plot 
increased, and remained at a fairly consistent higher level than those 
from the unfertilized fallow plot. They had, however, already increased 
somewhat in the May 16-June 7 runoffs after the alfalfa sod had been 
spaded under. Noticeable fertilizer effects on Plot 8 seemed to fade 
out during the fall runoffs when the maturing corn caused a marked 
restriction in runoff volume. Decreased concentrations in the fall runoffs 
may therefore have been due in part to increased infiltration. 
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TABLE 8 
SEASONAL VARIATIONS IN LOSSES OF SOIL AND WATER, AND IN AMOUNTS AND CONCENTRATIONS 
OF IGNITED SOLIDS, CALCIUM, AND TOTAL NITROGEN FROM CORN PLOT 8 (FOLLOWING ALFALFA 
SOD) AND CONTINUOUS FALLOW PLOT 7 ON DUNKIRK SILTY CLAY LOAM 
RUNOFFS 
Number So1L Loss WATER Loss 
Dates Analyzed in Pounds per Acre in Cu. Ft. per Acre 
-
Plot8 Plot 7 Plot8 Plot 7 Plot8 Plot 7 
Mar. 2-Apr. 22 .. . .. . 7 7 397 2.745 8,520.5 7,143.7 
May 16-June 7 .. .... 4 4 396 432 56.2 70.6 
June 11-July 28 .. . . ' 8 8 627 1,353 150.6 306.6 
August IO ........... l l 15,589 91 ,557 4,489.9 10,457.4 
Aug. 30-Sept. 22 ..... 5 6 107 315 43.1 176.0 
November 19 .... .... 1 I 0.1 0.5 5.6 9.1 
January 2, 5 ... . ..... 2 2 0 6 113.8 177.4 
Feb. 13-Mar. 30 .... . 8 8 768 3,488 6,923.6 11 ,652.5 
I 
Average Concentra-
Total Amounts tions in Parts per 
in Pou ncls per Acre Million 
ignited Solids 
Mar. 2-Apr. 22 ...... 7 7 12.16 16.80 22.9 37.7 
May 16-June 7 ...... 4 4 .34 .33 97.8 75.7 
June 11-July 28 . .... 8 8 2.28 1.38 242.8 72.4 
August 10 ........... 1 1 7.84 11.62 28.0 17.8 
Aug. 30-Sept. 22 ..... 5 6 .26 .34 47.4 30.6 
November 19 . ....... 1 1 .06 .I 0 164.3 175.7 
January 2, 5 ......... 2 2 .56 .67 78.9 60.8 
Feb. 13-Mar. 30 ... . . 8 8 62.28 33.58 144.2 46.2 
Calcium 
·-
Mar. 2-April 22 .. .... 7 7 1.13 1.06 2.1 2.4 
May 16-June 7 .... .. 3 4 .07 .06 25.1 14.8 
June I I-Jul y 28 ... .. . 8 8 .45 .34 47.6 18.0 
August 10 . . . .. .... .. 1 1 1.60 2.02 5.7 3.l 
Aug. 30-Sept. 22 . . ... 5 6 .05 .09 19.1 8.0 
November 19 .. .. .... 1 1 .01 .0 1 15.6 9.5 
January 2, 5 .. .. ..... 2 2 .07 .II 9.4 10.2 
Feb. 13-Mar. 30 . . .... 8 8 9.60 7.12 22.2 9.8 
Total Nitrogen 
Mar. 2-Apr. 22 ...... 5 4 .97 1.39 3.2 4.!J 
May 16-June 7 .... .. 4 4 .04 .04 11.9 8.5 
June II-July 28 ...... 7 8 .16 .2 1 20.7 11.0 
August 10 . .. ........ I 1 .66 .95 2.4 1.5 
Aug. 30-Sept. 22 .. ... 4 6 .04 .07 15.5 6.2 
November 19 ..... ... 1 I .02 .05 65.9 88.4 
.January 2, 5 . . ..... . . 2 2 .07 .06 IO.I 5.9 
Feb. 13-Mar .. 30 .. . ... 8 8 7.81 7.61 18 .1 10.5 
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The concentrations of solutes from the Dunkirk plots in the large 
February-March, 1939, runoffs are not subject to wholly logical expla-
nation, but may have been affected by subsurface seepage from the 
surrounding alfalfa field (20) . 
The decrease in the effect of fertilizer on runoff composition with 
increasing length of time after application, as observed by Keiller (16), 
was essentially the trend observed in the present investigation. The 
generally small amount of solute loss clearly attributable to fertilizer 
also agrees with Keiller's conclusion that little loss of a soluble fertilizer 
occurs in runoff unless runoff is very rapid. 
LOSSES OF SPECIFIC CONSTITUENTS 
In the previous discussion of runoff water solutes, most attention 
has been given to the determinations of total or ignited solids with but 
brief reference to the specific constituents that were included therein. 
This was necessary for simplification; it was also justified by the fact 
that in many cases the amounts of the specific constituents were too 
small to present differences that were reliable or significant. There are 
certain points in connection with the specific constituents, however, to 
which attention should be directed. 
It may also be pointed out that sulphur and t):ie metallic consti-
tuents do not wholly account for the total ignited solids that have been 
reported. Separations made during the analyses showed that the ignited 
solids contained appreciable amounts of silica and the oxides of iron 
and aluminum. However, quantitative estimations of the amounts of 
these constituents were not made. 
Several statements may be made with respect to nitrogen. The 
data of Table 3 may overemphasize the difference in soil type with 
respect to this element, since the annual nitrogen losses from the 
Dunkirk plots averaged about twenty times as much as the nitrogen 
losses from the Ontario plots. Losses of nitrogen from the Dunkirk plots 
tended to be higher throughout the year, but even so did not exceed 
the Ontario losses by more than 10 pounds per acre. The disparity that 
does exist is due principally to the effect of runoffs during February 
and March, 1939, (Table 5) , when the excess of nitrogen loss from the 
Dunkirk plots was about 7.5 pounds per acre. Throughout the greater 
part of the year the difference in nitrogen losses between soil types 
is not so strikingly pronounced. 
Nitrates apparently did not constitute a large part of the total nitro-
gen of the runoff water. This was indicated by qualitative nitrate tests 
made frequently throughout the investigation. Duley (11) found that 
the greater part of the nitrogen in runoff water is in some organic form. 
This is in marked contrast to drainage waters from lysimeters wherein 
the nitrogen is almost wholly in the form of nitrates (2) (19) and to 
rain water which brings down nitrogen mostly as ammonia · but partly 
as nitrates or organic nitrogen (7). 
Collison and Mensching (7) found the mean yearly addition of 
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nitrogen in rainfall to be 8.93 pounds per acre at Geneva over the period 
1918-28. The mean concentration of nitrogen in rainfall was 1.13 parts 
per million, and the nitrogen was well distributed throughout the year. 
In the present study the Dunkirk plots lost more than that amount 
and several times that concentration of nitrogen in runoff. The Ontario 
plots, however, all lost much less nitrogen in runoff than Collison found 
in rainfall. 
In general, calcium was lost in greater amounts than any other 
specific constituent that was determined. For this reason calcium losses 
follow closely the order of ignited solids, and arguments that have been 
based on the latter determination could have been based equally well 
on the former. 
Maximum losses of calcium did not occur at the same time from 
the Ontario and from the Dunkirk soils; wide variability in the con-
centrations of solutes in different runoffs has already been indicated. 
Maximum losses of calcium from the Dunkirk plots occurred during 
the February and March runoffs of 1939. The fallow and rye fallow 
were the only Ontario plots to lose as much as four or five pounds of 
calcium per acre per year. The major portion of the calcium losses from 
these plots occurred during the large runoff of August 10. 
Expression of the variability of runoff composition is clarified 
somewhat by the data of Table 9, where the relative proportions of 
calcium, of nitrogen, and of the sum of magnesium, sulphur, potassium, 
and sodium are reported for the two groups of runoffs just mentioned. 
These data show that both the Dunkirk and the Ontario soils lost more 
calcium proportionally in the August 10 runoff than in the winter run-
offs. The composition of the Ontario runoff is more variable than that 
of the Dunkirk runoff, with respect both to nitrogen and to the sum 
of magnesium, sulphur, potassium and sodium. Similar ratios for the 
TABLE 9 
P ROPORTIONS OF CALCIUM TO TOTAL N ITROGE , AN D TO THE SUM OF MAGNES IUM, SULPHUR, 
POTASSIUM, Al"D SODI U~ IN 3 G ROU P OF R NO FFS, I W HICH THE A MO NT OF C ALCIUM IS 
ARlllTRARILY P LACED AT A B ASE OF JO 
A u g ust 10 Febru a ry-March M edium -sized to 
runo ff r uno ffs sm all r im o ffs 
(Table 4) (Ta ble 5) (Table 7) 
Ca : N Ca : sum Ca : N Ca : sum Ca: N Ca : sw n 
ONTA RIO P LOTS 
J. R ed clover. .. .. . 10 : .7 10 : 6.3 I 0 : 41.8 JO : 19.G JO: 17.6 JO : 33.7 
2. R ye-fa llow . ..... . .6 3.6 21.8 29.2 4.3 10.5 
3. Als ike clover .. . . 1.2 8.6 36.8 35.5 7.3 32.0 
4. Soybeans .. .. .... J.9 7.8 27.3 25.1 13.8 31.8 
5. Fallow .. .. . . . .. . .9 6.9 8.8 10.9 3.0 10.4 
6. Bluegrass . .. ..... D 14.'l 7.7 20.3 J9. I 36.6 
DUN KIRK P LOTS 
7. Fallow. : .. ... ... . 4.7 7.9 J0.7 9.9 7.5 l l.2 
8. Corn , 1938 . . . .. . 4.2 8.6 8. 1 J2.2 6.9 12.0 
290 J.C. BRYANT AND C. S. SLATER 
medium and small runoffs of the year appear also in Table 9. They 
emphasize the relatively high winter losses of nitrogen as compared to 
other constituents. 
Observations made during the investigation and an over-all con-
sideration of the data have led to some further conclusions regarding 
specific constituents. 
Magnesium appeared to be less mobile than calcium, and showed 
a proportionately smaller increase in the runoffs where previous con-
ditions had favored evaporation and salt rise. The few exceptional run-
offs in which magnesium either exceeded or was about equal to calcium 
all occurred during cool seasons of the year. They were mostly cases 
of disproportionately low calcium rather than of disproportionately high 
magnesium. 
Sulphur in runoff water did not appear to be diminished as much 
by good plant cover as was calcium. Soybeans and bluegrass both 
allowed about 150 per cent as great an average concentration of sulphur 
as of calcium in runoff, while clover sods permitted only about 50 per 
cent. The corresponding percentage for the Ontario fallow and rye fallow 
plot were 26 per cent and 12 per cent, respectively. Thus there was 
some tendency for total losses of sulphur to parallel those of nitrogen 
from the various plots, possibly reflecting the similar occurrence of 
the two elements in rainfall and organic materials. 
Ratios of sulphur to calcium vary considerably and are gener-
ally lower than the stoichiometric ratio of the two elements in calcium 
sulphate, although probably the major portion of the sulphur was lost 
in sulphate form. Calcium in runoff water probably occurred more 
often in combination with carbonates or ·bicarbonates than with sul-
phates, particularly in summer runoffs when capillarity and upward 
movement of soil salts were most effective in increasing runoff solutes. 
Marked effervescence6 often occurred during the analytical procedure 
when a few drops of dilute hydrochloric acid were added to the evapor-
ated runoff residues. Collison (5) found that in leachate from Ontario 
loam soil in the Geneva lysimeters "by far the largest amount of the 
bases was lost as bicarbonate, about l/5 to 1/2 of that amount as sulphate 
and only 1/ 6 to 1/ 5 as much as chloride." 
Losses of potassium and sodium were less than the losses of other 
specific constituents, and are therefore subject to greater relative error. 
It may be noted, however, that plant cover appeared to affect potassium 
losse;;. While the fallow plots lost the greater actual amounts of this 
element the plots under good cover lost the higher concentrations, thus 
indicating that part of the loss was derived from vegetation. 
• Such effervescence from bicarbonates was observed to be most marked in 
the late winter runoff water samples from the Dunkirk plots. This fact fits in with 
Kohnke's observation (20) that the concentration of bicarbonate ion in runoff 
water generally increases with the proportion of ground water. The observed late 
winter seepage from the surrounding alfalfa field was thus assumed to be a factor 
in causing the high solute concentrations then found in the runoff from the Dunkirk 
plots. 
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ADDITIONAL EVIDENCE ON THE TRANSLOCATION OF SOLUBLE SALTS 
Circumstantial evidence had indicated early in the investigation 
that salt concentrations at the soil surface due to capillarity and evapora-
tion were noticeably affecting the concentration of solutes in runoff. The 
evidence included the fact that Dunkirk runoffs were often more con-
centrated, other factors considered, than were the Ontario runoffs. 
The physical characteristics of the two soils are such that a greater 
effect from salt translocation on the Dunkirk soil could be postulated. 
More direct evidence of unusual salt concentrations at the soil 
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FIG. 1. Conductivity measurements of soil samples from certain plots as an 
indication of evaporation and salt rise in relation to rainfall during summer and 
fall, 1938. 
surface was obtained from a number of conductivity determinations 
(9) that were made on the soils at various times. The data that were 
taken during the summer of 1938 for some of the plots appear in Figure 
1. The occurrence of rainfall is also recorded. 
Conductivities and salt concentrations are frequently higher in the 
surface 1/s inch crust than they are in the 2- to 3-inch layer of the fallow 
and corn plots. Evaporation was undoubtedly high at times from these 
plots. The soybean plot shows consistently low salt concentrations in both 
layers, with minor variations. This plot carried a dense cover; con-
sequently water was lost by transpiration rather than by evaporation, 
and increases of salts at the soil surface were small. 
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The marked changes in conductivity shown in Figure 1 are undoubt-
edly associated with changes in general weather conditions. The high 
conductivities of the surface crusts of the corn and fallow plots on July 
27 reflect the effect of two days of hot drying weather that followed the 
rains of July 21 to 25, during which time the soil had been thoroughly 
wetted. Conditions were therefore favorable to a maximum rise of salts in 
a limited time. The unusually high conductivities were duly reflected in 
the chemical analyses of the runoffs from a shower of high initial intensity 
that occurred on July 28. 
Similar conditions prevailed as to the nature of weather conditions 
and the length of time since the last previous rain, at the next sampling, 
September 2. Plots 5 and 8 both had high salt concentrations in the sur-
face crust, although not as high as on July 27. No confirmatory check of 
this sampling by the analyses of the next runoff, September 7, was 
possible, because a light rain of mild intensity that caused no runoff had 
fallen on September 3, and presumably had dispersed the surface salts 
downward through the upper few inches of soil. Conditions favorable for 
minimum evaporation prevailed during the intervening period. 
The September 8 conductivities reflect the predominant leaching 
effect of the rain of the day before in that they were even lower at the 
surface 1/s inch than they were in the 2- to 3-inch layer of both Plots 5 
and 8. 
The dry period of late September caused no apparent concentration 
in the surface crusts of Plots 5 and 8. This may have been due to the pre-
vailing cool weather and a lowered rate of evaporation. On October 5 
the Plot 8 samples showed some surface salt concentration. 
The cool period ended October 9 and a period of unseasonably warm 
weather followed, with no rain prior to the samplings that were made 
on October 13 and 19. The conditions favorable to evaporation and salt 
rise were duly reflected in the high conductivity of the Plot 8 surface 
sample, but failed to appear for Plot 5. This divergence in plot behavior, 
contrasting to the close agreement that was shown earlier in the season, 
is probably associated with soil type differences. Presumably the coarser 
texture and less compact structure of the Ontario loam soil did not 
support a consistent capillary rise of water and salts under the only 
moderately favorable evaporation conditions of late fall. 
During the summer of 1939, additional samples were taken on these 
and other plots for conductivity measurements. The data are not reported, 
but they gave additional evidence to substantiate the trends that appeared 
in the data for 1938. 
LYSIMETER INVESTIGATIONS AS RELATED TO RUNOFF WATER ANALYSES 
Solute losses in the runoffs of the present investigation have been 
considered relatively small. A study of the factors that cause variability 
in losses of solutes in runoff indicates that under certain conditions 
greater losses may be incurred, but these conditions were not met at 
Geneva. 
Both runoff and drainage water act to remove soluble salts, and 
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lysimeter investigations on this action have been carried out rather exten-
sively. The importance of the losses that were incurred in runoff can be 
judged to some degree by the results of lysimeter studies that have been 
made on soils similar to those of the Geneva plots. 
Collison (5) (6) has made a study at Geneva of solute losses in 
leachate, using lysimeters filled with a heavy phase of Ontario loam soil. 
Lyon and Bizzell (2) (23) carried out a similar study with Dunkirk silty 
clay loam at Ithaca. Data from these investigations have been compared 
with the results from our runoff studies. It is evident that the drainage 
water from the lysimeter was not only much greater in amount than was 
runoff water from similar soils of the erosion plots, but carried generally 
much greater concentrations of solutes. Extensive limitations must be 
applied, however, in making the comparison. 
No attempt was made with lysimeters to evalute the effects of vari-
able amounts of rainfall or leachate; no runoff could occur. The filled-in 
soils of these lysimeters were probably altered from a natural field soil 
to such a degree as to bring into question the validity of an application 
of lysimeter data to runoff water studies even on the same soil type. 
Comparisons between planted lysimeter soils and erosion plot soils 
involve questionable assumptions as to similarity of plant cover. The 
lysimeter soils were all quite heavily fertilized throughout the periods 
of investigation, while only four of the eight erosion plots were fertilized. 
In view of these limitations it should be obvious that the comparison 
is made solely to arouse speculation in regard to the relative solute losses 
by runoff and by leaching. There are several points, however, which 
apply to any consideration of the relative effectiveness of runoff water 
and drainage water as competing agents of soluble salt removal from 
the soil. 
Most lysimeter drainage at both Geneva and Ithaca occurs during 
the winter or early spring months when the soil is saturated throughout. 
Runoff occurs not only then but also to a great extent throughout the 
summer season, when the concentrations of solutes it carries may be 
greatly increased by a surface deposition of salts as the result of capillar-
ity and evaporation. 
There is no reason to assume that the water saved from loss by 
runoff would necessarily be lost in drainage, since during the summer 
months the water utilization capacities of evaporation and transpiration 
are seldom satisfied. 
Soil-derived solutes in runoff are removed solely from the surface 
soil unless subsurface seepage is involved. Drainage water passes through 
the subsoil before it escapes. Runoff water therefore tends to approach 
a solution equilibrium with the surface soil, while drainage water tends 
to approach a solution equilibrium with the subsoil or, more specifically, 
with the last soil zone through which it has passed (20). 
GENERAL CONCLUSIONS 
The amounts of soluble material that were lost in runoff and a con-
sideration of the factors that affect such losses indicate that the removal 
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of solutes in runoff water does not constitute an important factor in soil 
depletion,7 or in the loss of applied fertilizers, under most circumstances. 
It is reasonable to assume that solute losses much higher than those 
reported here are occasionally incurred during flash runoffs from rela-
tively impermeable soils. A series of such runoffs with intermittent 
periods favorable to evaporation and the rise of soluble salts would in due 
time remove large quantities of soluble materials. Good cover would tend 
to reduce these losses, and maximum solute losses would generally be 
associated with fallow soils, when the losses of actual soil would also be 
large. Thus any depletion of the soil due to losses of solutes in runoff is 
almost invariably rendered relatively inconsiderable by the magnitude of 
the accompanying soil losses. 
There are some possible exceptions. On soils already depleted, low 
infiltration rates and poor cover undoubtedly hasten the rate at which 
further exhaustion of the soil takes place. At low nutrient levels solute 
losses in runoff water may be sufficient to continue the depletion of idle 
or abandoned land even though a sparse cover and an erosion pavement 
prevent any major soil losses. On such lands, beneficial effects may 
follow contour furrowing not only because of the interception and con-
servation of runoff water, but also because of the retention of the soluble 
nutrients dissolved in it. The conservation of traces of soluble nitrogen 
produced slowly by any mode of fixation or supplied by rain water may 
well govern the succession of growths that ultimately result in a climax 
vegetation. 
Solutes in runoff water may be carried entirely off the fields into 
streams or they may be reabsorbed on lower-lying soil to contribute to 
the fertility of that soil at the expense of soil on the slope. In the latter 
case such transported solutes, from the standpoint of a long-time cumula-
tive effect, may possibly rank in importance with the intercepted runoff 
water and top soil in causing the high fertility level of many bottom 'soils 
and of the small local accumulations along the lower edge of hills and 
sloping fields. It is not assumed, however, that the reabsorption of runoff 
solutes is invariably beneficial. The unfavorable conditions that result 
in regions of low rainfall from cumulative increments of water borne 
sodium are well known. 
SUMMARY 
Filtered runoff water from eight .01 acre plots, representative of 
two soil types and seven kinds of cover, has been analyzed for materials 
in solution. In all, thirty-nine separate runoffs that occurred over a 13-
month period have been analyzed. 
Small amounts of soluble materials were lost in runoff water. 
7 Duley (11) reported losses from the Columbia, Missouri, plots that are several 
times as great as the Geneva, New York, losses. His are the only data based on 
runoff water analyses that appear to be available for direct comparison by season 
and year. 
' Surface applications of fertilizer are subject to appreciable washing. Rogers 
(27) reports losses of as much as 13 per cent of applied superphosphate. The 
relative amounts removed mechanically and in solution, are not stated. 
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Soil type and cover had a marked effect on both the amounts and 
concentrations of the solutes lost in runoff. Their effects appeared to be 
related to variations in solute concentrations at the sail surface and to 
the relative rates of infiltration and runoff. 
Concentrations of solutes in runoff appeared to be increased by the 
salts brought to the soil surface by capillarity and evaporation. Con-
versely, the concentration of solutes in runoff appeared to be decreased 
by the downward movement of solutes that accompanied infiltration. 
Because of the vertical movements of soil salts, flash runoffs that 
followed conditions favorable to capillarity and evaporation were highest 
in solution concentration. Additional runoff tended to dilute initial runoff 
and so lower the concentration of solutes, although the total amounts 
lost were necessarily increased. 
The concentration of solutes is normally greater in the Ontario than 
in the Dunkirk soil, but the vertical movement of soluble salts, and the 
greater impermeability of the latter soil, were apparently adequate to 
produce solute losses in runoff in an inverse order to the normal con-
centrations in the soil solution. 
The amounts and concentrations of solutes in runoff could not be 
characterized sharply on a seasonal basis, although concentrations tended 
to be higher in the summer months when evaporation was most effective. 
Solutes in some runoffs appeared to be derived in part from the 
leaching of vegetation. 
The amount of soil carried in runoff had no major effect on the 
concentration of solutes in runoff. 
The proportional losses of the separate soluble constituents in runoff 
varied considerably. No particular analysis can be considered as repre-
sentative of the runoff from even a single soil type. 
Applied fertilizers only temporarily increased the losses of solutes. 
Turning under alfalfa sod presumably aided in increasing the con-
centration of solutes but in decreasing the amount of runoff, on Dunkirk 
soil. Turning under winter rye on Ontario soil decreased both the con-
centration of solutes and the amount of runoff. Infiltration and therefore 
leaching were probably greater in the Ontario soil than in the Dunkirk 
soil. 
Although losses of solutes reported in runoff are small, an analysis 
of the factors that produce variability in runoff losses indicates that 
appreciable losses may be incurred under less favorable conditions. 
Attention has been called to the similarities and dissimilarities of 
solute losses in runoff and in drainage water. 
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APPENDIX A 
TABLES OF BASIC DATA 

TABLE IO 
BASI C DATA FOR ONTARIO RED CLOVER Soll PLOT 1: LOSSES OF SOIL AND '\/ATER AND CONCE TRATIONS OF SOLUBLE CONSTITUENTS IN THE WATER 
OF 15 Ru 'OFFS DURING A 13-MONHI l'ERJOD 193 -39, WITH TOTAL LossE.~ A 'D AVERAGE CoNCENTRATIO 'S FOR 12 R :-;OFFS DURING 0 'E YEAR 
APRIL 1, 1938, TO MARCH 31, 1939 
Runoff 
Densitv 
I Water Soil wash off Total Ignited Loss on Total 
volume IOES (lbs. soil solids solids Ignition N Ca Mg s K Na 
No. Date (cu. ft ./ A) (lbs./ A) / cu. fl.) (ppm) (ppm) (ppm) (ppm) (ppm) (p/mi) (ppm) (ppm) (ppm) 
I Mar. 2 . .... . ... 67.30 .2 .01 62.0 28.6 33.4 D 4.4 ND 1 D ND i D 
2 1ar. 5 . .. . ... • . 14.96 .2 .01 54.6 33.2 21.4 ND 4.2 .6 ND .0 3.0 
3 Mar. 23 . . .. ...• 15.17 1.5 .I 0 129.1 82.8 46.3 3.0 1.3 .9 ND I .5 J.7 
4 April I. . . .. . . . 5.81 J.5 .26 339.0 101.7 237.3 72.5 3.4 3.6 ND 21.0 6.6 
5 April 12 .. .. ... 490.38 .0 ... 21.7 9.8 11 .9 1.l .7 .2 ND .2 .9 
8 May 16 .. . ..... 6.03 .I .02 154.6 103.l 51.5 18.9 4.3 2.4 ND 5.2 5.7 
17 July 14 . . . . . . .. 2.42 7.4 3.07 D ND ND 9.8 ND 1 D D 1 D 'D 
22 Aug. 10 ... .. .. . 897.33 88.6 .10 36.5 19.3 17.2 .4 5.2 .3 .9 .6 1.5 
26 Sept. 14 . .. .... 6.20 4.1 .66 157.5 88.2 69.3 18.0 17.5 5.8 8.8 9.6 5.6 
30 Jan. 2 .. ... .. .. 36.86 .0 . . . 253.2 117.8 135.4 21.1 6.5 5.4 13.l 16.9 10.3 
31 Jan. 5 ....... .• 55 .49 .0 . . . 77.2 47.8 29.4 1.4 8.7 3.1 5.2 2.9 3.4 
33 Feb. 20 .. ... . . . 40.06 .0 . .. 138.9 60.5 78.4 28.9 4 .7 2.3 7.9 7.5 3.4 
34 Feb. 26 . .. 
·· ·· · 
5.47 .0 .. . 339.6 127.9 21 l.7 243.4 5.0 3.6 14.2 43.2 2.4 
35 Feb. 28 . . . .. . .. 78.53 .o . .. 66.l 27.6 38.5 34.6 4.2 1.5 2.7 3.5 1.5 
:;9 Mar. 30 ... . .. . . 30.19 4.8 .16 133.9 101.9 32.0 4.3 24.2 6.6 5.8 1.9 5.3 
1 year ...... . . . 1,654.77 !06.5 .06 46.9 23.7 23.2 4.7 4.3 .7 2.1 I 1.5 I 1.7 
----
TABLE 11 
BASIC DATA FOR ONTARIO SUMMER FALLOW-WI 'TERRYE PLOT 2: LOSSES OF SOIL A ' 0 \'\TATEll. AND CoNCENTRATIONS OF SOLUBLE CONSTITU ENTS IN 
THE WATER OF 23 RUNOFFS DURING A 13-l\fONTH PFRIOD 1938- 1939, WITH TOTAL LOSSES A '0 AVERAGE CONCENTRATIONS FOR 20 R UNOFFS 0URINC. 
ONE YEAR APRIL 1, 1938, TO MARCH 31 , 1939 
Runoff 
Density 
I Water Soil washoff Total Ignited Lo son Total 
volume loss (lbs. soil solids solids ignition N Ca Mg s K Na 
No. Date (cu.ft ./ A) (lbs./ A) / cu. ft.) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
I Mar. 2 ... . ..... 60.89 .2 .01 65.4 34.0 31.4 D 3.1 ND ND D D 
2 l\far. 5 ..... . .. . 32.05 .l .01 49.3 26.9 22.4 ND 3.1 1.1 l\"D .3 2.2 
3 Mar. 23 .. . ... . . 10.32 30.0 2.91 146.4 109.3 37.l 1.4 5.2 3.7 D 1.6 3.3 
4 April 1 . . ..... ." 6.30 13.4 2.13 127.6 91.4 36.2 2.3 5.7 4.1 D l.2 2.8 
5 April 12 ... . ... 368.59 .0 .. . 23.9 11.l 12.8 1.4 .7 .2 D .2 .R 
8 May 16 .. . .. . .• 6.06 .8 .13 251.9 181.4 70.5 17.9 13.9 3.2 D 7.0 6.6 
11 .June 7 . .. . . . ... 15.93 36.5 2.29 188.0 107.1 80.9 7.0 15.l 4.3 7.5 D ND 
12 .June II ........ 19.66 86.3 4.39 260.2 97.1 163.1 3.9 20.9 4.6 8.6 .9 5.2 
13 .June 12 . . . . .. .. 34.69 35.2 1.01 323.7 27 .7 296.0 1.2 7.4 D 2.5 .7 1.6 
15 .June 18 . ....... 24.06 69.1 2.87 261.3 77 .0 184.3 4.7 15.2 D 7.3 .5 2.1 
18 .July 22 ........ 5.72 81.1 14. 17 234.4 144.3 90.l 13.l 34.0 7.4 19.9 J.7 4.6 
19 July 23 ........ 22 .72 78.7 3.46 150.1 97 .3 52.8 6.9 21.8 4.7 8.7 1.0 4.7 
21 July 28 . .. . . . .. 22.39 176.4 7.88 326.8 216.6 110.2 13.7 36.5 10.0 19.4 l.l 4..8 
22 Aug. 10 . . .. . . .. 6.803.82 27,005.5 3.97 68.9 36.7 32.2 .6 10.0 .l .8 .7 1.9 
26 Sept. 14 .. .. ... 15.65 8.3 .53 194.5 90.6 103.9 16.6 28.5 4.7 8.6 1.6 3.4 
27 Sept. 21. .. ... .. 3.49 15.9 4.56 492 .3 154.7 337.6 62.3 29.8 6.6 16.8 12.4 17.8 
28 Sept. 22 .. . . . ... 6.51 8.3 1.27 93.8 36.8 57.0 5.6 11 .4 2.5 5.8 .8 3.7 
30 Jan. 2 . .... . ... 12.18 .0 .. . 303.8 189.8 114.0 TD 8.1 8.4 17.9 10.6 11.6 
31 Jan. 5 ..... . .. . 9.85 .0 . . . 158.l 116.3 41.8 7.6 8.2 3.1 13.0 1.8 2 .3 
33 Feb. 20 . . . . . . . . 23.95 .0 . .. 259.1 136.6 122.5 49.9 3.7 3.6 10.9 10.5 5 .3 
34 Feb. 26 . . . . . .. . 18.86 .0 ... 50.7 33.0 17.7 2.4 6.2 1.0 5.2 .9 .4 
35 Feb. 28 .. .... . . 91.35 .0 ... 22.4 13.2 9.2 1.1 2.7 5.5 1.9 .4 .6 
39 Mar. 30 ..... . .. .19.73 8.3 .42 87.0 54.3 32.7 3.9 10.l 2.3 7.5 1.3 1.6 
1 year ... . ..... 7 .531.51 27,623.5 3.67 71.6 37.4 34.2 1.0 9.6 .3 I I.I .8 I 1.9 
TABLE 12 
BASIC DATA FOR ONTARIO ALSIKE CLOVER Soo PLOT 3: LOSSES OF SOIL A'ID \\/ATER A D CONCENTRATIONS OF SOJ.UULE CONSTITUENTS IN TH£ 
WATER OF 19 RUNOFFS DURING A 13-MONTll PERIOD 1938-39, WITH TOTAL LOSSES AND AVF.RAGE CONCENTRATIONS FOR 16 Ru 'OFFS DURING 0 E 
YEAR APRIL l, 1938, TO MARCH 3L , 1939 
Runoff 
Density 
\\Ta ter Soil washolf Total Ignited Loss on Total 
volume lo (lbs. soil solids solids ignition N Ca Mg s K Na 
i 0 . Date (cu . fl ./A) (lbs ./ A) / cu . ft .) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (Pf>m J (ppm) (ppm) 
I Mar. 2 ... . ..... 176.28 .I .01 45.6 28.3 17.3 ND 5.4 ND ND ND 1 D 
2 Mar. 5 . . . . . . . . . 15.95 .2 .01 69.7 39.6 30.1 ND 4.8 J.l D .6 2.6 
3 Mar. 23 .. ..... . 12.37 9.7 .78 132.6 91.7 40.9 1.9 2.4 2.9 ND 2.0 2.4 
4 April I. ....... 4.75 6.2 1.30 154.0 108.2 45.8 ND 7.3 3.8 ND 1.7 2.3 
5 April 12 . .. .. . . 540.07 .0 . . . 21.9 9.5 12.4 1.3 .7 .2 ND .5 6.3 
8 l\lay 16 ...... .. L l.l L .8 .07 243.9 162.5 SIA 15.7 4.7 4.9 ND 6.0 5.1 
11 June 7 ........ . 1.8-1 28.7 5.93 295.3 76.1 219.2 6.0 18.6 2.7 10.6 2.2 2.3 
12 June l l. . .. .... 3.51 2.3 .65 118.3 58.6 59.7 ND I .9 1.2 ND .8 1.3 
17 July 14 .... .. .. 5.06 4.8 .95 374.7 207.3 167.4 10.7 43.7 15.4 17.3 18.4 31.2 
21 July 28 .. .. .. .. 5.tH 5.7 1.01 123.1 62.2 60.9 5.3 14.6 2.1 9.5 2.0 2.2 
22 Aug. 10 .. ...... 1,231.29 192.6 .16 37.4 21.6 15.8 .6 4.9 .3 .9 1.1 1.9 
23 Aug. 30 ... . ... 5.13 .5 .JO 135.1 -17.2 7.9 8.0 12.9 4.1 5.0 4.3 .0 
26 ept. 14 ....... 5.04 3.5 .69 14-l .2 72.0 72.2 17.5 16.4 5.9 7.6 7.3 3.5 
30 J a n. 2 .. .. ..... 60.90 .0 .. . 131.7 72.4 59.3 ND 3.6 4.2 8.0 11.8 7.7 
31 Jan. 5 .. .... .. . 14-1.23 .0 .. . 61.9 38.9 23.0 1.7 ND ND 1 D ND ND 
33 Feh. 20 .. ...... 17.56 .0 ... 212.2 I 19.6 92 .6 29.0 6.5 4.7 13.2 10.9 5.1 
34 Feb. 26 ... . .... 3.06 .0 ... ND ND ND 8.1 ND ND 1 D ND 1 D 
35 Feb. 28 ....... . 32.85 .0 ... 58.0 24.3 33.7 16.4 4.1 .7 2.5 2.4 1.3 
39 Mar. 30 ........ 7.80 2.5 .32 116.6 66.4 50.2 9.3 7.5 22.7 9.7 2.3 1.9 
1 year . . ... . .. . 2,082.84 247.6 .12 43.6 24.1 19.5 1.6 3.9 .6 I 1.6 l.5 I 3.4 
TABLE 13 
RASIC DATA FOR ONTARIO SOYBEAN PLOT 4: LOSSES OF SOIL AND \\TATER AND CONCENTRATIONS OF SOLUBLE CONSTITUENTS IN THE WATER OF 16 RUN -
OFFS DuRJ G A 13-MONTH PERJOD 1938-39, WITH TOTAL LOSSES A• D AVERAGE CONCENTRATIONS FOR 13 Ru 'OFFS DuRJ G ONE YEAR APRJL 1, 
1938, TO MARCH 31, 1939 
Runoff 
Density 
Water Soil wash off Total Ignited Loss on Total 
volume loss (lbs. soil solids solids ignition N Ca Mg s K Na 
' o. Dale (cu. ft ./ A) (lbs./ A) / cu. ft.) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
I Mar. 2 . .. .. . . .. 11.22 .I .01 82.0 3 .3 43.7 ND 8.4 ND D ND ND 
2 Mar. 5 .... .. . .. 48.07 .2 .Ol 58.8 26.9 31.9 ND 4.4 2.3 ' D .8 2.0 
3 Mar. 23 ... . .... 5.10 .6 .12 166.3 87 .1 79.2 ND ND ND ND ND D 
4 April l ... .. . . . 2.83 .2 .07 154.0 82.4 71.6 ND 15.2 6.6 D 3.5 3.9 
5 April 12 .. .. . . . 560.90 .0 . .. 23.1 9. 13.3 1.9 .8 .2 D .3 .9 
8 May 16 ..... . •. 4.33 .I .02 151.0 99.2 51.8 19.1 7.7 l.3 ND 4.8 6.7 
12 June 11. . . .. . . 6.98 62.4 8.94 712.7 399.9 312.8 16.8 51.9 21.2 D 7.9 29.1 
13 June 12 .. . . . .. 6.81 30.9 4.53 337.0 79.3 257.7 4.8 I 2.4 ND 11.9 1.6 5.1 
15 June 18 . ... . . . 5.85 36.7 4.56 ND ND ND 32.9 ND ND ND ND ND 
17 July 14 .. .. . . . . 5.40 23.4 4.34 230.5 123.6 106.9 11.6 32.2 8.0 16.1 4.1 13.3 
22 Aug. 10 .... .... 86.83 29.9 .34 52.9 26.9 26.0 1.4 7.2 .7 1.4 1.1 2.4 
31 Jan. 5 ... .. .. . . 20.92 .0 . .. 300.5 168.5 132.0 26.1 2.6 17.9 12.5 . 10.8 32.0 
33 Feb. 20 .. . . . . •. 23.23 .0 . . . ND ND D ' D D D D ND ND 
34 Feb. 26 . ... .... 32.05 .0 . .. 94.3 37.4 56.9 20.3 3.9 3.1 3.5 6.6 1.7 
35 Feb. 28 . .. .. . . • 19.17 .0 . .. 87.9 45.4 42.5 12.2 6.5 .7 3.7 1.8 6 .1 
39 Mar. 30 ... .. . . 7.96 6.9 .87 109.9 60.0 49.9 8.2 12.3 5.2 8.9 3.1 3.0 
1 year . . ... ... . 783.26 190.4 .24 I 51.7 24.6 27.1 4.1 2.9 1.2 I 4.5 I 1.1 I 2.5 
TABLE 14 
BASIC DATA F©R ONTARIO CONTI UOUS FALLOW PLOT 5: LOSSES OF SOIL AND \\TATER AND CONCENTRATIO S OF SOLUBLE CONSTITUENT IN 'IHE 
\\TATER OF 32 RUNOFFS DURING A 13-MONTH PERIOD 1938-39, WITH TOTAL LOSSES AND AVERAGE CONCENTRATIONS FOR 29 RUNOFFS DURING ONE 
YEAR APRJL I, 1938, TO MARCH 31, 1939 
Runoff 
Density 
Water Soil wa holf Total Ignited Loss on Total 
volume loss (lbs. soil solids solids ignition N Ca Mg s K 'a 
No. Date (cu. ft-I A) (lbs_/ A) /cu. ft.) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
I Mar. 2 ..... .... 49.67 .5 .01 39.9 21.4 I .5 ND 5.4. D ND ND ND 
2 Mar. 5 ........ _ 167.01 78.3 .47 42.0 22.8 19.2 ND 5.6 1.6 ' D 1.2 4.0 
3 Mar. 23 ....... . 71.98 208.2 2.89 105.0 64.6 40.4 2.7 4.7 4.1 ND .8 2.9 
4 April 1 .... .. .. 595.81 4,821.6 8.09 61.2 37.3 23.9 2.1 9.4 2.7 ND .3 1.6 
5 April 12 ....... 769.23 ... . .. 13.5 8.1 5.4 .9 .6 . l , D .I .9 
6 April 13 ....... 391.47 2,073.3 5.29 55.7 33.4 22.3 1.2 .9 .6 ND ND ND 
7 April 22 ....... 12.12 18.4 1.52 110.2 65.0 45.2 2.1 1.0 3.7 ND D D 
8 May 16 ..... .. . 4.30 20.6 4.79 275.2 188.6 86.6 I l.5 12.0 7.1 D 3.7 8.5 
11 June 7 ......... !02.37 212.l 2.07 79.2 55. 23.4 3.1 10.3 2.6 5.1 I.I 3.8 
12 fune 11 ........ 84.54 624.7 7.39 45U 189.4 262.0 5.1 27.1 10.0 7.4 2.0 10.8 
13 June 12 ........ 252.96 515.6 2.04 108.4 34.1 74.3 ND 6.5 ND 3.9 .7 2.2 
14 fune 17 . .. . .. .. 6.IJ 17 .82 2.92 663.2 130.2 533.0 7.0 31.9 ND 22.6 1.3 3.7 
15 June 18 ........ 160.36 793.5 4.95 566.3 119.7 446.6 6.4 17 .2 ND 16.8 1.9 8.1 
17 July l ·I ........ 6.33 64.3 10.15 293.3 173.2 120.1 12.4 45.2 8.9 26.5 1.6 12.0 
18 Jul y 22 ....... 17.02 79.3 4.66 186.I 124.6 61.6 5.9 26.5 6.3 13.4 1.2 4.2 
19 .Jul y 23 ........ 101.69 354.7 3.49 I 7.0 119.8 67.2 8.4 18.2 6.7 13.0 I.I 6.0 
20 July 25 ........ 5.63 30.2 5.37 502.2 362.1 140.1 17.3 65.3 17.8 56.2 2.1 8.0 
21 Jul y 28 .... .... 77.59 458.6 5.91 539.3 402.7 136.6 17.2 45.8 19.4 30.7 2.6 9.6 
22 Aug. 10 .. ... ... 8,712.52 47,864.3 5.49 50.6 33.8 16.8 .6 7.4 1.6 1.0 .3 2.1 
23 Aug. 30 . ....... 21.57 99.5 4.61 87.5 43.1 44.4 4.8 11.6 2.9 4.1 I.I l.l 
24 Sept. 7 ......... 44.24 39.7 .90 65.0 28.3 36.7 4.4 8.2 2.2 2.6 1.6 .3 
25 Sept. 12 ........ 10.29 12 .4 1.21 123.1 60.3 62.9 4.5 14.5 4.1 7.4 1.0 I.'2 
26 Sept. J.I ........ 566.48 651.6 1.15 38.0 19.2 18.8 .8 5.4 1.6 I. I .5 .6 
27 Sept. 21 . ...... . 191.47 52.1 .27 27.4 14.0 13.4 1.9 4.1 .7 1.3 .5 2.2 
2 Sept. 22 .. .. .... 36.64 13.7 .37 37.7 18.3 19.4 2.1 5.3 1.3 1.3 .6 2.3 
30 Jan. 2 ......... 15.48 .0 ... 292.0 197.2 94.8 11.8 10.8 6 .1 11.8 6.5 10.0 
31 Jan. 5 ......... 5.61 7.2 J.28 228.8 142.0 86.8 30.2 15.7 6.2 19.4 7.4 4.9 
33 Feb. 20 .. ...... 72.12 .0 . .. 103.0 73.4 29.6 4.7 13.5 3.0 8.8 .8 2.2 
34 Feb. 26 ........ 19.21 .0 .. . 26.9 14.9 12.0 1.5 3.6 .8 2.3 .4 .6 
35 Feb. 2R ... . .... 2'1.80 .0 ... 32.4 21.7 10.7 1.2 4.4 3.4 2.3 .2 .6 
37 Mar. 25 ..... ... 163.30 10.0 .06 21.0 11.3 9.7 6.5 2.7 .6 1.4 .3 .5 
39 Mar. 30 .. .. .... 23.58 13.4 .57 64.7 +-1.9 19.8 3.9 9.1 2.1 4.7 .6 1.3 
-
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TABLE 15 
BA IC DATA FOR 0 TARIQ BLUEGRASS SOD PLOT 6: LOSSES OF SOIL AND \VATER AND Co CE TRATIONS OF SoLUBLF. CONSTITUENTS IN THE WATER 
OF 12 Ru OFFS DURING A 13-MONTH .PERIOD 1938-39, WITH TOTALS AND MEANS FOR 10 RUNOFFS DURING ONE YEAR APRIL l, 1938, TO MARCH 
31, 1939 
Runoff 
No. Dale 
l t\lar. 2 . ... . . . . 
2 Mar. 5 ... . .... . 
4 April I ... . . .. . 
5 April 12 . .. . . .. 
11 June 7 ... . .... . 
22 Aug. 10 . . .. • . . . 
30 Jan. 2 ...... .. . 
31 Jan. 5 ........ . 
33 Feb. 20 ...... .. 
34 Feb. 26 . .... • . . 
35 Feb. 28 .... . . .. 
39 Mar. 30 . . .. . • . . 
1 year .. . . .. . . . 
Water 
volume 
(cu. ft ./ A) 
I ,522.39 
l ,666.45 
9.76 
304.49 
4.44 
146.43 
32.05 
I l.10 
38.46 
10.50 
68.11 
17.91 
643.25 
oil 
loss 
(lbs ./ A) 
2.9 
13.5 
.2 
.0 
20.7 
9.6 
.0 
.0 
.0 
.o 
.0 
.0 
30.5 
Density 
wash off 
(lbs . soil 
/ cu. ft. ) 
.Ol 
.01 
.02 
4.66 
.07 
.05 
Total 
solids 
(ppm) 
44.8 
36.4 
94.8 
21.8 
463.4 
30.8 
157.8 
110.1 
85.1 
61.8 
29.5 
76.l 
43.1 
Ignited 
solids 
(ppm) 
18.4 
15.4 
47.3 
9.1 
126.3 
13.6 
105.0 
68.9 
49.1 
34.l 
16.2 
41.6 
21.8 
Loss on 
ignition 
(ppm) 
26.4 
21.0 
47.5 
12.7 
337.l 
17.2 
52.8 
41.2 
36.0 
27.7 
13.4 
34.5 
21.3 
Total 
N 
(ppm) 
ND 
ND 
5.1 
.6 
41.5 
ND 
15.5 
3.9 
5.1 
5.6 
1.8 
3.2 
2.8 
Ca Mg S K a 
(ppm) (ppm) (ppm) (ppm) (ppm) 
3.9 
3.4 
4.9 
.6 
24.8 
3.1 
4.6 
8.8 
6.6 
5.1 
2.4 
5.5 
2.5 
ND 
.8 
1.2 
.] 
3.6 
.5 
3.0 
2.8 
l.6 
1.5 
1.4 
1.3 
ND 
'D 
ND 
D 
36.3 
1.1 
9.8 
8.9 
6.5 
5.1 
1.9 
5.3 
'D 
.I 
.8 
.2 
11.7 
.8 
11.7 
4.9 
3.5 
2.2 
.9 
2.1 
ND 
2.6 
3.1 
1.7 
7.3 
2.l 
5 .4 
2.0 
2.0 
1.2 
.9 
I.I 
TABLE 16 
BASIC DATA FOR DUNKIRK Co 'TINUOUS FALLOW PLOT 7: LO ES OF OIL ANO \c\IATER ANO CONCENTRATIONS OF SOLUBLE CONSTITUENTS I Tl-TE 
\c\IATER 01' 37 R UNOFFS DURING A 13-MONTll PERIOD 1938- 39, WITH TOTALS A 'D MEANS l'OR 34 R UNOFFS DURING ONE YEAR APRIL l , 1938, TO 
MARCH 31 , 1939 
Runoff 
Density 
Water Soil washoff Total Ignited Loss on Total 
volume loss (lbs. soil solids olids ignition N Ca Mg K Na 
No. Date (cu. ft-/ A) (lbs./ A) / cu. ft.) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
l Mar. 2 .. . .. .... 1,559.91 161.9 .JO 4 1.2 21.0 20.2 ND 4.0 1 D ND ND D 
2 Mar. 5 ........ . 1,048.07 600.6 .57 54.1 27.3 26.8 ND 6.0 1.5 ND .7 ND 
3 Mar. 23 . . . .. . .. 22.70 33.6 1.48 248.2 143.1 105.1 14.7 9.7 7.6 ND I.I 5.5 
4 April I .. .. . .. . 90.81 533.7 5.87 74.8 47.6 27.2 3.5 7.0 2.4 ND 1.1 1.6 
5 April 12 .. .... . 4,215.54 950.4 .23 94.3 45.3 49.0 4.9 .8 2.0 ND .5 2.5 
6 April 13 .. ... .. 185.07 451.9 2.44 75.3 43.3 32.0 4.0 .5 1.6 ND ND ND 
7 April 22 . . ..... 21.59 12.6 .58 105.1 59.6 45.5 'D .9 2.9 D ND ND 
8 May 16 .. .... . . 13.47 14.2 1.05 162.7 96.2 66.5 6.5 4.4 3.3 ' D 1.3 3.9 
9 May 29 ........ 11.93 70.1 5.88 195.5 108.7 86.8 9.3 22.6 5.1 ND .9 3.0 
10 June 2 .. ....... 5.74 12.5 2.18 129.8 68.3 61.5 8.0 19.6 5.9 D .8 2.3 
11 June 7 .. ....... 39.50 335.4 8.49 187.6 59.8 127.8 9.0 14.8 3.1 9.1 .9 3.7 
12- 13 June 11-12 . . 50.40 170.1 3.37 247.7 46.0 201.7 3.3 12.5 ND 4.3 .8 3.6 
15 June 18 .. .... .. 52.18 361.0 6.87 255.9 52.2 203.7 3.6 12. 1 D 6.3 .9 l.9 
16 July 11. ....... 1 l .97 25.6 2.14 97.4 63.4 34.0 5.4 16.5 2.6 6.9 2.0 3.4 
17 July 14 .. .... .. 38.84 229.3 5.91 139.4 61.1 78.3 I0.3 18.3 4.2 6.1 .7 5.1 
18 July 22 .. ...... 17.19 39.8 2.31 136.5 95.0 41.5 8.9 19.6 4.5 9.4 2.5 3.3 
19 July 23 .... . ... 30.21 ll 5.2 3.69 133.l 80.7 52.4 7.9 16.0 4.4 5.7 1.4 4.5 
20 July 25 ........ 94.59 397.4 4.20 178.1 85.5 92.6 16.6 21.3 5.6 8.8 1.0 7.3 
21 July 28 .... . . .. 11.21 149.8 13.36 395.6 166.0 229.6 53.9 45.7 I0.4 18.9 2.7 8.7 
22 Aug. 10 .. .. ... . 10,457.36 91,557.0 8.75 34.0 17.8 16.2 1.5 3.1 .I 1.0 .3 1.0 
23 Aug. 30 .. .... .. .~ .40 94.4 17.48 216.7 89.9 126.8 26.1 23.0 5.8 l l.3 6.1 2.3 
24 Sept. 7 .. . ..... . 18.02 43.7 2.43 67.7 29.4 38.3 9.6 8.7 2.1 3.0 I.I .7 
25 Sept. 12 .. ... .. . 12.38 15.2 1.23 72.2 35.9 36.4 4.8 10.5 2.6 4.0 .9 I. I 
26 Sept. 14 .. .. .... 70.13 123.8 1.77 42.l 21.9 20.2 2.2 5.8 1.6 . 1.7 .5 .8 
27 Sept. 21 . . ... .. . 55.52 35.5 .64 73.4 36.9 36.5 9.6 8.7 2.2 2.9 2.0 5.1 
28 Sept. 22 ....... . 14 .55 1.9 .1 3 45.2 23.2 22.0 2.5 6.6 1.6 1.9 .7 2.7 
29 Nov. 19 .. .. ... . 9.12 .5 .05 542.9 175.7 367.2 88.4 9.5 9.5 14 .9 29.8 17.2 
30 J an. 2 . .. . .. .. . 17.1 8 .0 ... 136.4 86.2 50.2 10.8 5.6 5.0 9.4 5.9 7.7 
31 .Jan. 5 . . ..... . . 160.17 5.5 .03 92.2 58. 1 34.1 5.4 10.7 3.2 7.6 1.6 2.4 
32 Feb. 13 . ....... 608.97 .0 ... 40.9 20.4 20.5 4.4 3.5 .8 3.0 .9 1.0 
33 Feb. 20 ........ 4,727.49 4.4 .01 117.5 61.2 56.3 12.7 11.1 4.1 5 .1 .6 3.3 
34 Feb. 26 .... .. .. 512.71 6.7 .01 26.3 14.4 11.9 1.9 3.5 .8 5.0 .7 ~.4 
35 Feb. 28 ........ 400.36 17.8 .o4 128.4 69.6 58.8 15.l 19.5 .5 6.3 .7 3.5 
36 Mar. 5 .. .. ..... 1,443.91 900.0 .62 92.9 52.6 40.3 9.5 12.7 .7 'l.8 .7 1.4 
37 Mar. 25 ...... .. 2,362.86 1,057.3 .45 50.2 26.6 23.6 9.2 6.7 1.7 3.3 .3 1.2 
38 Mar. 27 ....... . 532.28 185.7 .35 106.9 52.3 54.6 24.6 14.4 3.5 5.8 .8 2.0 
39 Mar. 30 .... .... 1,063.93 1,310.7 1.23 71.6 32.5 39.1 3.6 7.3 2.0 2.5 .4 1.5 
-
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TA BLE l 7 
J3AS IC DAT FOR D NK IRK ALFALFA-CORN PLOT 8: LOSSES OF SOIL AND WATER A D CONCENTRATIONS OF SOLUBLF. CONSTITUENTS IN TII E WATER 
OF 36 R UNOFF DURING A 13-MONT ll PERIOD 1938- 39, WITH TOTAL Los ES ANll AVERAGE CONCE TRATIONS FOR 33 R UNOFFS DURI 'G ONE YEAR 
APRIL I , 1938, TO MARCH 31, 1939 
Ru noff 
Density I Water Soi l washoff Tota l Ign ited Los · on Total 
volume loss (lbs. soil solids sol ids igniLion N Ca /l!g s K a 
No. Da te (w.ft./A) (lbs ./ A) / cu. ft .) (ppm ) (ppm ) (pfnn) (ppm) (ppm ) (ppm ) (ppm ) (ppm ) (ppm) 
I Mar. 2 . . ....... 1,602.08 30.0 .02 28.0 14.4 13.6 ND 4.1 ND ND ND ND 
2 Mar. 5 .... _ . .. 2,122.28 70.0 .03 39. 1 18. 1 2 1.0 ND 4.2 1.0 ND 1.0 2.8 
3 Mar. 23 .... . .. 8.33 6.1 .73 176.7 11 3.8 62.9 7.2 5.0 4.4 ND 3.9 8.4 
4 April 1 ........ 6.39 .3 .05 130.8 83.7 47. 1 6.0 5 .1 2-4 ND 3.0 2.8 
5 Apri l 12 ....... 4,484.94 140.0 .03 52.7 25 .3 27.4 3. 1 .5 1.2 ND .I 1.2 
6 p r il 13 ...... . 249.52 129.8 .52 111 .3 59.4 5 1.9 5.6 .6 2.9 1 D D i D 
7 Apr il 22 ....... 46.94 20.8 .44 144.8 76.8 68.0 6.9 .6 3.4 ND ND ND 
8 May 16 ....... . 12.39 9.0 .73 214.4 111 .9 102.5 23 .3 D D ND ND ND 
9 May 29 ... . .... 12.59 40.0 3.18 181.2 105.9 75.4 10.9 29.5 .9 ND .9 5.2 
10 .June 2 ....... . 5.86 15. 1 2.58 139.6 69.1 70.5 7.3 24.9 3.2 ND 1.0 1.9 
11 Ju ne 7 ........ 25.33 332.2 13. 11 223.2 93.5 129.7 8.0 23. l 4. 1 7.6 1.3 5.9 
12-13 June 11 - 12 . . 22.83 76.3 3.34 435 .9 180.8 255. 1 20.5 40. D J.J..8 4.2 14.4 
15 .Ju ne 18 . ...... . 27.7 1 233.9 8.4-1 545.4 287.0 258.4 20.9 53. 1 D 26.4 3.8 J0.4 
16 J uly 11 ........ 17.53 18.3 1.05 107.4 70.4 37.0 5.2 33.7 2.4 6.9 1.8 5.7 
17 July 14 ..... .. . 24.46 140.4 5.74 397.2 227.5 169.7 25.0 44 .7 10.4 26.0 2.0 12.4 
18 July 22 ........ 10.53 13.8 1.31 393.3 282.7 110.6 21.2 53.7 8.7 28.4 3. 1 8.6 
19 JL~Y 23 . ..... ·. 17.26 27.6 1.60 334.7 224.8 109.9 2 1.1 46.9 .6 16.6 2.0 12.0 
20 July 25 ....... 24 .2~ 11 3.2 4.67 454.9 315.8 139. 1 D 41.2 I I.I 18. 1 2.2 10.7 
21 Jul y 28 ...... 6.06 31.5 5.20 765. 1 525 .3 239.8 46.1 11 2.8 19.4 64.8 3.0 20.4 
22 Aug. JO ... . ... 4,489.94 15,589.0 3.47 46.2 28.0 18.2 2.4 5.7 .3 2.1 .5 2.0 
23 Aug. 30 . .. . .. . 6.06 59.6 9.83 276.8 161.0 11 5.8 36.3 35.4 6.2 28.5 7.6 3.0 
24 Sep L 7 ........ 6.05 21A 3.54 J 15.4 58.3 57. 1 8.0 16.9 2.6 9.1 2.5 .1 
25 Sep t. 12 .... .. .. 3.60 4.0 I.I I l ,274 .9 14 1.0 1,133.9 ND 32.7 6.2 16.8 9.2 4.1 
26 Sep t. 14 ........ 8.84 12.4 1.40 145. 1 77.0 68. 1 5.8 19.8 4.0 9.1 3.0 3A 
27 SepL. 2 1 ... .. . . 18.55 9.8 .53 148.3 84.4 63.9 15.8 11.4 3. 1 7.0 8.8 14.5 
29 Nov. 19 . . . . . .. 5.59 . I .02 345.2 164.3 180 .9 65.9 15.6 10.5 20.5 24.6 15.6 
30 J an. 2 ... . ... .. 38.46 .0 ... 129.9 76.4 53 .5 10.0 4.7 4.5 8. 1 6.0 7.9 
31 J a n . 5 ......... 75.32 .0 . . . 129.1 80. l 49.0 10.2 l l.8 5.2 11.0 4.1 6.2 
32 Fe b. 13 ........ 60.90 .0 .. . 109.7 61.6 48.1 7.6 1.6 1.2 8.7 3.4 1.5 
33 Feb. 20 ....... . 2,724.22 9.6 .0 1 246. 1 155.5 90.6 18.4 17.2 8.7 10.6 1.3 12.J 
34 Feb. 26 . ... .. .. 30.45 .0 
''. 
62.4 38.8 23.6 3.8 6.5 N D 2.1 .3 .4 
35 Fe b . 28 ........ 73.72 .0 . .. 33.7 19.7 14.0 .9 4.2 5 .2 2.8 .2 .7 
36 Mar. 5 ....... . . 1,680.25 152.3 .09 223.2 145.0 78.2 17.3 23.3 9.0 9.7 I.I 1.3 
37 Mar. 25 .... . ... 174.89 86.8 .50 197.4 11 8.6 78.8 18.7 19.7 7.3 8.6 1.2 1.6 
38 Mar . 27 ........ 656.5 1 34.0 .05 280.7 173 .2 107.5 28.3 30.7 10.0 11.8 1.4 14.3 
39 Mar. 30 ....... 1.522 .67 485. 1 .22 227.7 124.7 103.0 15.4 28.6 .8 11.2 1.4 8.5 
1 year . . . . . . . . . 16,570.60 17,806.3 1.07 132.9 79.2 53.7 9.5 I 11.6 3.5 I 7.4 .8 14-6 

APPENDIX B 
DESCRIPTIVE SUMMARY OF WEATHER AND SOIL CONDITIONS IN 
RELATION TO INDIVIDUAL RUNOFFS 
January - Februq.ry, 1938, had been characterized by frequent rains and thaws 
following a very wet autumn in 1937. The net result must have been an incompletely 
and only intermittently frozen soil and a rather complete removal of soluble materials 
by both leaching and runoff. 
March, 1938, was a month of abnormally warm weather. A thaw on the 2nd 
caused the first runoff from which samples were taken for analysis. A 0.32 il\ch rain 
c/n the 5th removed the remaining snow and caused a large runoff. Two weeks of 
unusually warm weather followed, culminating on the 23rd in a 0.32 inch rain, the 
first high intensity rain of the season. The small runoff was of generally high salt 
concentration. It is probable that the soil had thawed and dried sufficiently by this 
time to allow evaporation of water from and rise of soluble salts to the surface. 
A week of cooler and more seasonable weather occurred before the next rain, March 
31. The resulting runoff was collected April 1. The Ontario gauge recorded o:36 
inches with a maximum 5-minute intensity of 2.04 inches per hour, while the Dun-
kirk gauge recorded 0.30 inches with a maximum 5-minute intensity of 1.44 inches. 
This difference was reflected in much smaller soil, water, and soluble material losses 
from the fallow Dunkirk plot than from the fallow Ontario plot. 
April, 1938, was characterized first by cold wintry weather and heavy snowfall, 
culminating on the 12th in a sudden thaw with large runoffs from all plots. The 0.18 
inch rain on the 13th thus fell on wholly saturated soil. Both runoffs were very 
dilute. The rest of April was very warm with practically no rain except for a 0.72 
inch rain of rather low intensity on the 22nd which caused small runoffs from only 
three plots. The first working of the soil on any of the plots was done on the 20th, 
when the fallow plots were spaded. 
May, 1938, was a month of less than average rainfall. There were five distinct 
rains, all less than 0.80 inch, of which only two (May 14-15, and 29) were effective 
in causing runoff from any of the erosion plots. Only the last one was of high 
intensity. 
The May 14-15 rain, of low intensity but long duration, caused uniformly small 
runoffs from nearly all plots. It fell after five days 0f subnormal temperatures and 
no rain, during which period evaporation and salt rise .had probably been slight. Low 
intensity rains of 0.34 inch on the 20th and 0.40 inch on the 24th caused no runoff. 
Cultivation of the four currently fallow plots May 17 and 19 may have been the 
dominant factor in preventing any runoff as a result of these two rains by increasing 
the absorption capacity of the bare soil. 
The shower on the 29th is worthy of note because of the great differences in 
its amount and intensity at the two series of plots. The Ontario gauge recorded 0.18 
inch with a maximum 5-minute intensity of 0.72 inch, while the Dunkirk gauge 
recorded 0.46 inch of rain with a maximum 5-minute intensity of 3.60 inches per 
hour. None of the Ontario plots underwent runoff loss, but both Dunkirk plots suf-
fered some erosion with relatively high soil loss and high soluble salt concentration 
in runoff water. 
June, 1938, rainfall occurred mostly during the period from the 2nd to the 19th 
in the form of six high intensity rains, all of which caused runoff from at least some 
of the erosion plots. During this period temperatures were above normal and the 
rains were spaced closely enough to keep the soil quite moist. These June runoffs 
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all carried a fairly high concentration of soluble materials, due in part to the com-
paratively small amounts of runoff in any case and also probably to the rapid rise 
of soluble salts to the soil surface during the short but hot drying periods between 
rains. 
A 0.55 inch rain of moderate intensity on June 2 caused light runoff only from 
the Dunkirk plots and none from the Ontario plots in spite of the fact that the 
rainfall intensity curve was practically the same at both sites. This probably reflected 
the greater porosity of the Ontario loam as compared to. the Dunkirk silty clay loam. 
The 0.74 inch rain on the afternoon of June 7 followed five days of uniformly warm 
weather. It was of very high initial intensity, the 5-minute maximum rate of 3.60 
inches per hour occurring at the start. Soil and water losses occurred in considerable 
amounts from all except two of the plots. This rain afforded an opportunity to observe 
the effect of fertilizer upon the loss of soluble salts in the first runoff water after 
application, because it fell only a few hours after liberal applications of 5-10-5 to 
the currently fallow Ontario Plots 2, 4, and 5. 
On June 9-10 a 0.14 inch rain of low intensity caused no runoff. This rain is 
worthy of note, however, because it occurred only a few hours after Dunkirk Plot 
8 had been fertilized and planted to corn, a circumstance which would tend to mini-
mize the effect of fertilizer upon the first subsequent runoff from that plot on the 
11th. A 0.24 inch rain of high intensity at 3 P.M. of the 11th caused soil and water 
losses from nearly all plots. On June 12 a 0.50 inch rain of several hours' duration 
and one period of high intensity resulted in considerable soil and water loss, especi-
ally from Ontario fallow Plot 5. Samples of the runoff on June 11 were taken only 
from the Ontario plots before the rain occurred the next day. As a result the samples 
of runoffs on June 11 and 12 from each of the two Dunkirk plots were composites. 
July, 1938, rainfall was high but unevenly distributed throughout the month. 
A slow 0.24 inch rain on the 1st and a 0.15 inch shower on the 9th after a week 
without rain caused no runoff. A 0.65 inch shower of low intensity on the 11th caused 
small runoff from the Dunkirk plots only. The ensuing hot, drying weather, favorable 
for maximum evaporation and rise of soluble salts, was broken on the 14th by a 
0.45 inch rain of high initial intensity. The rain caused considerable soil loss and 
runoff from the Dunkirk plots and a very small but concentrated runoff from four 
of the Ontario plots. Light rains on the 18th and 20th caused no runoff but were fol-
lowed by a week of heavy rains, frequent runoffs, moist to saturated soil, consistently 
high temperatures, and very rapid evaporation and salt rise during the short intervals 
between rains. A 0.34 inch rain of high intensity on July 22-23 caused small runoff, 
and a 0.31 inch shower of high intensity on the afternoon of the 23rd caused consider-
ably larger runoff because it fell on a nearly saturated soil. On the 25th a 0.14 inch 
shower of high intensity on the Ontario plots caused runoff only from fallow Plot 
5, small in amount but high in soil content. The same shower on the Dunkirk plots 
was greater both in amount (0.44 inch) and intensity; consequently it caused con-
siderable runoff of high soil content. 
On the evening of July 28 a short intense shower caused runoff from five of the 
plots, including even Ontario soybean Plot 4 from which no runoff had occurred 
since July 14 because of the rapid growth of the soybeans to a dense protective cover. 
This rain followed three days of hot, drying weather and marked the climax of the 
July rainy period. The runoff was noteworthy because it carried an extremely high 
concentration -of all of the soluble salts that appeared to be associated with the 
known high salt concentration in the surface 1h inch of fallow or nearly bare plot 
soils (Fig. 1). 
August, 1938, weather was outstanding because of two facts: (a) the mean tem-
perature and the total rainfall were both considerably above the average; (b) the 
4.4 inch rain during 12 hours on August 10 was of about 100-year frequency and 
caused a great amount of erosion on the plots currently under poor cover. 
The August 10 rain inevitably bulks large in this investigation. The maximum 
5-minute rainfall of 0.54 inches at the rate of 6.48 inches per hour was of about 50-
year frequency, and the maximum 2-hour rainfall of 2.78 inches from 10 to 12 P.M. 
was of from 25- to 50-year frequency for the north-central Finger Lakes region accord-
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ing to the rainfall intensity- frequency charts of Yarnell (31). Runoff from this rain 
is considered in the main part of this paper (Table 4) . 
Light rains on the 17th, 22-23rd, and 25th caused no runoff. After several days 
of warm, clear weather a shower of high intensit.y on the 30th caused small runoffs 
from the fallow and corn plots. 
September, 1938, was characterized by below normal temperatures and heavy 
rainfall of generally low intensity. A 0.22 inch rain on the 3rd caused no runoff. On 
the 7th a cool, gentle rain of nearly 0.60 inch saturated the soil but caused runoffs 
only from Ontario Plot 5 and the two Dunkirk plots. On the 12th a 0.34 inch rain of 
moderate intensity, after several days of fair weather, caused very small runoff from 
the same three plots. 
The time from September 12 to 22 was the third really wet period of the 1938 
growing season. Frequent rains were accompanied by cloudy skies and uniformly low 
temperatures conducive to low evaporation rates. These rains were of generally 
low intensities, and resulted in continuously very moist soil conditions. All these 
factors combined to cause runoffs not only large in volume but low in soil and in 
solute concentration. 
On September 14-15 occurred a 1.02 inch rain of long duration and an intensity 
that was high at the maximum but very low on the average. It fell on soil still moist 
from the rain of the 12th and caused erosion on all plots except the soybean and 
bluegrass plots, with considerable soil and water loss from the fallow plots. Light 
rains on the 16th, 17th, and 19th kept the soil moist. A very steady 1.24 inch rain of 
low intensity on the 21st and another equally steady 0.49 inch rain on the 22nd 
reflected the western fringe of the hurricane then sweeping across New England. 
These two rains each caused moderately heavy runoffs from the fallow plots, and 
the first one also caused some from the corn plot. These washoffs carried an excep-
tionally large amount of fine material in suspension, possibly indicating some differ-
ential erosion by these unusually slow, steady, gentle rains. September 22 marked 
the end of the summer rains and the beginning of a dry, fair autumn. 
October, 1938, was unusually dry and sunny, and after the first week was unsea-
sonably warm. No runoffs occurred during October. From September 23 to November 
8 the largest individual rainfall was 0.12 inch, on October 27. 
November, 1938, was characterized by above normal temperatures, below normal 
precipitation, and only one small runoff. A 0.39 inch rain of low intensity on the 8th 
and a 0.36 inch rain on the 13th caused no runoff. 
Runoff on November 18-19 from a 0.79 inch rain of low intensity was slight in 
amount, low in soil content, and occurred only on the Dunkirk plots. It carried a 
high concentration of some .of the soluble constituents, as was to be expected in the 
first runoff after a long dry period. On November 23-24 about 5 inches of heavy 
wet snow fell on the unfrozen soil, followed by a period of zero temperature. 
December, 1938, saw no runoff from the erosion plots. Before the 14th only light 
rains occurred, causing no runoff and doing little to raise the low level of ground 
water before winter freezing of the soil. A 0.29 inch rain on the 10th was the heaviest 
of the period. Leaching from it in the soil profile was probably too shallow to carry 
out in drainage water all of the salts, including nitrates, which had probably grad-
ually accumulated during the autumn. Gradual freezing of the upper few inches of 
soil, accompanied by occasional light snows, characterized the remainder of the month. 
January, 1939, precipitation occurred mainly as snowfall. Thaws on the 2nd and 
5th caused small runoffs from most of the plots. The runoff on the 2nd was the first 
since September 22 or even earlier from the Ontario plots, and the first since Novem-
ber 19 from the Dunkirk plots. A 0.12 inch rain falling on bare ground on the 6th 
caused no runoff. Thereafter the soil froze to a depth of several inches and remained 
so until February 13. Snowfalls during January 13-18 and 30-31 provided complete 
snow cover for several weeks. 
February, 1939, precipitation occurred mostly as snow during the latter half of 
the month. A thaw on the 13th caused runoff only from the Dunkirk plots. On the 
19th and 20th rain and snow equivalent to 0.53 inches of water accompanied a thaw 
which caused flooded conditions throughout the Finger Lakes region. Runoff from 
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the Dunkirk plots was one of the heaviest of the year while the runoffs from the 
Ontario plots were uniformly much smaller in amount. A 0.33 inch rain of moderate 
intensity on the 22nd, following snowfall of the previous day, caused no runoff. On 
February 26-27 a thaw with snow and rain caused general runoff, again heavier 
from the Dunkirk plots than from the Ontario plots. A 0.14 inch rain on the 28th also 
caused general runoff. Soil loss during these runoffs was negligible. 
March, 1939, weather conditions and erosion contrasted markedly with those of 
the unusually warm March, 1938. Precipitation was above normal and temperatures 
were normal. A 0.49 inch rain of low intensity on March 4-5 fell on bare soil and 
caused heavy soil and water loss from the Dunkirk plots but none from the others. 
During the next three weeks the soil remained frozen and for the most part was 
snow covered, while snow fell equivalent to 1.15 inches water. On the 25th a thaw 
resulted in large soil and water losses from Dunkirk fallow Plot 7 and smaller losses 
from Ontario fallow Plot 5 and Dunkirk corn Plot 8. The extremely oversaturated 
condition of the soil, especially on Plot 7, was probably responsible for the pronounced 
erosion in the absence of rain. On March 26-27 a 0.36 inch rain of low intensity fell 
on wholly thawed soil and caused heavy erosion on the Dunkirk plots but none on 
the Ontario plots. On the 30th a 0.58 inch rain fell on thoroughly saturated soil and 
caused heavy soil and water losses on both Dunkirk plots, in spite of its low intensity, 
but uniformly slight erosion from all Ontario plots regardless of plant cover . 
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